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PARASITIC FUNGI ON GRAIN CROPS 

1 . Blade of wheat attacked by rust. 

2. Portion of blade of «'heat (magnified;, showing the first stage 

of growth of rust called Uredo. 

3. Section of leaf, showing uredospores protruding from leaf 

and threads of fungus (hypha;) feeding on cells of leaf 

4. Uredospores germinating and commencing to form the 

threadlike body (hyph;e). 

5. A Barberry leaf, showing the second stage in the life history 

of the rust {ALcidiiitn). 

6. A transverse section of Barberry leaf (lower side uppermost;, 

showing the diseased portion of leaf specially thickened 
with a cup-like JEcidiiim full of round spores. 

7. Another stage in life of rust of wheat {Puccinid), showing the 

two celled resting spores 

7a. Three of the resting spores — two in the process of germina- 
tion. 

7b. A portion of leaf, showing clusters of Puccinia. 

8. Ear of oat attacked by smut (Ustilago). 

9. Single spikelet of oat (magnified attacked by Ustilago. 

10. Dark spores of smut (magnified). 

[oa. Same with spores germinated, ready to attack oat. 

11. Ear of wheat attacked by Bunt [Tilktia). 

12. .Single spikelet of wheat (magnified) attacked by Tilleila . 

13. Four of netted spores (highly magnified). 

14. .Section of grain of wheat, filled with dark spores. 
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Shropshire Sheep. — Origin and His- 
tory. — There is a general consensus of opinion 
that this breed is descended from the Morfe 
Common sheep in Shropshire and the Cannock 
Chase breed in the neighbouring county of Staf- 
fordshire. Morfe Common, near Bridgnorth, 
occupied an area of about 4000 ac. on the bor- 
ders of the River Severn ; and Professor Wilson, 
in his report of the breeds in the Journal of the 
Royal Agricultural Society, vol. xvi, states that 
when the Bristol Society in 1792 procured as 
much information as possible regarding sheep in 
England, they reported as follows in reference 
to Morfe Common sheep : ' On Morfe Common, 
near Bridgnorth, there are about 10,000 sheep 
kept during the summer months, which produce 
wool of a superior quality. They are considered 
a native breed, are blackfaced, or brown, or 
spotted-faced horn sheep, little subject to either 
rot or scab, weighing, the wethers from 11 to 
14 lb., and the ewes from 9 to 11 lb. per quarter, 
after being fed with clover and turnips, and 
clipping near 2 lb. per fleece. This appears to 
be the original stock from which the present 
breed of Shropshire sheep has sprung.' 

Smith, in his history of wool and woollen 
manufactures (Chron. Rusticum, published 1641), 
quotes the wool of Shropshire as being the 
choicest and dearest in England ; and this is 
confirmed by Anderson in his Origin of Com- 
merce, giving prices for English wool in 1343. 

Cannock Chase, in Staffordshire, an enclosed 
common, was also the habitat of a very similar 
and equally valuable race of a somewhat heavier 
type, from which many of the best flocks in 
Staffordshire were originally descended. 

Though some few writers state that the South- 
down was used in the first attempt at improve- 
ment of the breed, and to effect the removal of 
the horns, many men equally well qualified to 
give an opinion, adhere to the statement that 
the present uniformity of character and perfec- 
tion of form is the result of selection from home- 
bred sheep of the best type. There appears to 
be no doubt that some bi'eeders, many years ago, 
had recourse to the Southdown ; but whethei' 
Southdown or other rams have been introduced 
is a matter of small moment. One thing is cer- 
tain, that no one during the last sixty years, 
who has obtained any success as a breeder of 
Shropshires, has deviated from a line of pure 
breeding. By careful selection and judicious 
mating of its own species the Shropshire sheep 
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has been brought to the leading position it now 
occupies. The best characteristics of the breed 
were present when the work of improvement 
began. It has been by developing the strongly 
inherited characteristics of the native bleed of 
the district that all the best flocks have been 
built up. 

The public appearance of the breed in the 
' Royal ' show yard at Gloucester in 1853 was 
the turning-point with the Shropshire sheep, and 
encouraged breeders to use their best judgment 
in selection, and to do all in their power to place 
their breed of sheep in the front rank. Shrop- 
shires were next seen at the Great National 
Show in 1857 at Salisbury, and again in 1858 
at Chester. Mr. Millward, in his report in the 
Royal Journal of the latter year, states that 'the 
new class of Shropshires (184 animals) was very 
successful '; but it was not until the Warwick 
meeting, the following year (1859), that special 
classes for the breed were admitted into the 
Royal Agricultural Society's prize sheet. One 
hundred and ninety-two Shropshires were there 
exhibited. Since then they have considerably 
increased in numbers at the ' Royal ' shows, cul- 
minating in the grand display at Shrewsbury 
Royal Show in 1884, when 875 Shropshires were 
exhibited, against 420 of other distinct breeds, 
being considerably more than double the num- 
ber of sheep of all other breeds, and demon- 
strating very conclusivelj' that the Shropshire 
is a sheep which best meets the requirements 
of the piesent day. 

So far back as 1861 one of the Shropshire 
sheep judges at the Leeds exhibition gave the 
following report: 'Perhaps no description of 
sheep excited more interest in the show yard 
than these. Here we find them in greater num- 
ber than any other breed of sheep shown. It is 
impossible not to be struck with the appearance 
of these as a most useful rent-paying kind of 
animal. It would be well for the breeders of 
these sheep to bear in mind that qualities which 
have brought their sheep into notice are their 
aptitude to produce great weight and quality 
of both mutton and wool, combined with early 
maturity, whilst they will bear to be stocked 
more thickly than any other breeds of equal 
weight. In addition to these good qualities 
they are far more prolific than any other breeds, 
and capital nurses.' 

In describing what a Shropshire sheep should 
be, one cannot do better than give the points 
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which were chiefly considered by three eminent 
men who acted as judges at the Birmingham 
1876 meeting of the Eoyal Agricultural Society 
of England. They say that they selected for 
prizes those animals which they considered best 
calculated to uphold and perpetuate the most 
distinctive type of the Shropshire, namely, a 
well -developed head, with clear and striking 
expression of countenance; a muscular neck, well 
set on good shoulders; the body symmetrical and 
deep, placed as squarely as possible on short 
legs ; due regard being paid to a grandeur of 
style, a well-covered head, and wool of the best 
staple and most valuable kind. A rider to this 
description should state that the skin should be 
a nice cherry colour, and the face and legs of a 
nice soft black — not sooty, nor a rusty brown — 
and free from all white specks. The belly should 
also be well woolled. 

Some farmers prefer a big coarse sheep on 
long legs, but the most rent-paying class is the 
moderate-sized sheep of good quality, because the 
butchers can sell them more readily and at bet- 
ter prices, and a greater weight per acre can be 
raised than where the larger and coarser sheep 
is resorted to, as 100 ewes in the former instance 
require as much land for their support as 120 
well-bred moderate-sized ewes. 

Points. — Prolific Character. — 150 to 175 lambs 
per 100 is the usual average. 11,666 ewes in 
1896 reared 168 lambs per 100 ewes. 

The Ewes Oood Mothers. — Shropshire ewes are 
excellent nurses, and nature has endowed them 
with great milk-yielding properties. 

Wool. — An average weight of fleece for a whole 
flock would be 7 to 8 lb. ; individual fleeces often 
attain 16 to 18 lb. The Shropshire sheep cuts 
a heavy fleece of wool of the most marketable 
description, being of good staple, fine in texture 
and very dense, with small loss in scour, and 
is always readily saleable. Ram and ewe tegs 
would average quite 10 lb. of washed wool, and 
a fair average for a whole flock would be 7 to 
8 lb. 

Adaptability to Various Soils and Climes. — The 
most ubiquitous sheep extant, in every county 
in England the Shropshire sheep flourishes, also 
in the northern parts of Scotland, the humid 
climate of Ireland, and the mountainous districts 
of Wales, frequently at an altitude of 1000 ft. 
above sea level; and also thrives and does well 
in the United States, Canada, South America, 
Russia, France, Germany, the Australian Colo- 
nies, South Africa, Jamaica, and the Falkland 
Isles, and indeed in every part of the world. 

Early Maturity. — If well cared for, the wethers 
are fit for the butcher at ten to twelve months 
old, and that on a moderate consumption of food. 
Shropshire lambs mature very early as fat lambs, 
and the Shropshire cross for the fat-lamb trade 
cannot be beaten. 

Constitution and Hardihood. — The breed is 
notoriously sound in constitution, and capable 
of standing extreme variations of heat and cold, 
and is one of the most hardy breeds in existence. 
The writer well remembers seeing a Shropshire 
ewe nineteen years old, hale and hearty, having 
reared thirty-three lambs, and herself enjoying 
an absolute and life-long immunity from footrot. 



Quality of Mutton. — The mutton of the Shrop- 
shire is rich in flavour, close in grain, juicy, and 
contains a large percentage of lean meat, and 
commands the highest price in the London, Man- 
chester, Liverpool, and all the principal markets 
of Great Britain. Again, the Shropshire of the 
present day has all the quality of the South- 
down, with considerably more size ; it carries 
a large proportion of lean meat to fat, is light 
in offal, and with good management it comes to 
market at ten to twelve months old, weighing 
18 to 22 lb. per quarter, in some instances 
attaining even greater weights. Wethers at 
eighteen to twenty months old at the Birming- 
ham Fat Show often attain 50 lb. per quarter, 
and ewes have been exhibited over 46 lb. per 
quarter. 

Docile Character and Economic Consumers. — 
The Shropshire is a placid and contented ani- 
mal, not given to roaming and trampling down 
pasturage, and has the special aptitude to make 
the best of the food at hand, and to produce 
mutton at a minimum of cost. 

General-purpose Sheep. — Shropshire sheep have 
rapidly increased in favour in all parts of the 
world; and combining as they do the most desir- 
able points (from a wool and mutton point of 
view) to a greater extent than any other breed, 
with the minimum of objectionable features, 
they have attained an eminent and permanent 
position in the estimation of sheep-breeders all 
over the world. In fact they meet all the re- 
quirements of the present day as a successful 
general -purpose sheep, and are therefore very 
profitable to farmers and graziers. The Shrop- 
shire has been largely bred for crossing purposes 
to produce ' freezers ', with splendid results. 

Management. — The following is a short epi- 
tome of the general management of Shropshire 
flocks. The ewes are put to the ram so as to 
drop their lambs in February and March. The 
rams are usually run out with the ewes, except 
in the case of a valuable animal, when sometimes 
a teaser is used, and the ewes as they come on 
are brought to the ram. Flushing the ewes is 
a general practice, either on second year's seeds 
or a fresh pasture. An average of about fifty 
ewes to each ram is the rule. Shearling or older 
rams generally do service, and ram lambs are 
not greatly used, except in cases where ewes have 
turned several times and the season is advancing. 
From this period to lambing time the ewes are 
run on old seeds or pastures, and, as the season 
advances, are assisted with long hay and a few 
roots. When lambing commences they are folded 
at night. The ewes and lambs are kept in for 
a day or so, and receive a few oats, bran, cut 
roots, and a little hay, and then to the young 
seeds or a fresh pasture. Only the ewes with 
twins get any assistance, except perhaps a few 
lambs for show purposes. Oats and bran is the 
usual diet, with perhaps a little good linseed 
cake. The lambs ears are all punched numeri- 
cally for the purpose of keeping correct pedi- 
grees, and when any of them are passed into 
the breeding flock, metallic ear tags are used. 
These ear tags are very neat and light, and 
remain safely in the ear for a long time. 

Castration is not a general practice, the pro- 
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cess of selection being generally left to the ■win- 
ter, when the inferior I'ams are fed and sold to 
the butcher. 

Shearing the lambs is now a general practice, 
and takes place in June. It gives greater im- 
munity from the fly, and prevents the clinging 
of the soil to the belly when on turnips. The 
lambs are usually weaned at the end of May or 
early in June, and divided into sexes and put on 
to fresh jjastures, and get a little artificial assis- 
tance; and as soon as available they get a few 
common turnips thrown upon the ground, and 
this, with the assistance of vetches, rape, kale, 
and cabbage, carries them to September, and as 
the harvest fields are cleaned, the young seeds 
are made use of. From thence to early spring 
the young sheep are folded on common turnips, 
kale, and swedes, with the assistance of a nii.xed 
artificial diet, and bj' January and February the 
cull rams are ready for the knife. The lams 
and ewes intended for show and sale are kept 



on the turnips a little longer, and those intended 
for show are housed and pushed on as much as 
possible. 

With the exception of the sheep intended for 
exhibition purposes, it is the more general custom 
to treat the majority as pasture rangers, as it is 
found in practice they are more reliable stock 
getters than those which have been housed, fed, 
and are unduly fat. 

Markets: Average and Kecord Prices. — 
The chief markets are Shrewsbury, Lichfield, 
Birmingham, and StafiFord, where sales are an- 
nually held in the months of August and Sep- 
tember; and of late years very successful sales 
have taken place at the annual meeting of the 
Royal Agricultural Society, usually held about 
the third week in June. To give anything like 
a full list of good averages made at sales, or 
individual prices, is beyond the scope of this 
article, but the following are selected as au- 
thentic and representative: — 









Highest Price. 


Average. 


1878 


Lord Chesliam 




63 rams 


94 gs. 


£20 10 6 


1881 


T. J. Mansell 




25 „ 


200 „ 


36 16 6 


1882 


T. J. Mansell 




30 „ 


200 „(let) 


37 16 6 


1890 


W. F. Inge 




37 „ 


150 „ 


32 9 10 


1895 


A. E. Mansell ... 




45 „ 


230 „ 


41 16 6 


1901 


A. E. Mansell (disp. 


sale) { 


61 „ 
205 ewes 


400 „ 
13 „ 


33 8 8 
5 7 6 



iNDmDUAL Prices at which Shropshire Kams 

HAVE BEEN PURCHASED OR HIRED 

Guineas. 
200 
200 
230 
310 
240 
240 
400 
200 
200 
200 



G. Graham 
A. E. JIansell 
A. E. Mansell 
D. Buttar 
A. E. JIanseU 



Nottingham Royal ... 
Double First... 
Kuddington Eclipse 
Eoyal Record 
Eoyal Blood 

Sir R. P. Cooper's Ram 

A. E. Mansell ... Lord Cardiff 

Dudmaston Hero 
Pride of Bristol 
Shropshire President 
The Patriot (to serve 

50 ewes) (let) 
The Rector (20 ewes to 
go with him) (let)... 



200 



210 



Chief Flocks and Breeders. — The follow- 
ing is a brief selection of the more important 
herds of Shropshire sheep : — 

The Packington Hall flock of Shropshires, the 
property of Mr. Joseph Brown, descended from 
the old-established Cannock Chase flock. About 
50 rams are annually sold, and average 7 to 8 gs. 
each; 200 ewes are put to rams each year. The 
Rnyton Towers flock, the property of Mr. J. H. 
N. Walford, instituted in 1889. The number of 
breeding ewes is 150, and the herd has enjoyed 
a good export demand for many years past. The 
Fota flock, the property of Lord Barrymore, 
established in the year 1853, and is perhaps the 
oldest-established flock of Shropshires in Ireland. 
At present the flock of breeding ewes numbers 
250 ; few ewes or lambs have been sold. The 
flock has produced many noted prizewinners, 
and the highest price obtained for any rams 
which have been sold is 30 gs. The Alrewas 
flock, originated by the owner, Mr. J. L. Coxon, 



in the year 1869. The flock consists of 200 
breeding ewes; and though individual specimens 
have never been exhibited at shows, rams have 
been sold annually, and have made as high as 
70 gs., while ewes have realized about 12 gs. 
each. The Elford Park flock, founded in the 
year 1845, and the property of Mr. Charles 
Coxon. This flock, which at present consists 
of 150 breeding ewes, has produced many noted 
prizewinners, and as far back as 1859 a shearling 
ram, which won the first prize at the E.A.S.B. 
Show, was sold for 100 gs. Annual sales at home 
have been held for over fifty years, rams making 
up to 250 gs., and ewes to 15 gs. each, and in 
many instances averaging over 5 gs. each for 100 
ewes. The Acton Reynold flock, founded in 
1901 by Sir Walter Corbet, consists of 120 breed- 
ing ewes, and though recently instituted, has 
been founded on a strain of noted prizewinning 
Shropshires. Very satisfactory prices have so 
far been obtained, rams having realized as much 
as 75 gs., ram lambs 21 gs., and shearling ewes 
up to 25 gs. The Sutton Maddock flock, the 
property of Mr. Edward Nock, founded as far 
back as 1832, consists at present of 200 breeding 
ewes, and is descended from a strain of noted 
prizewinning Shropshires. Shearlings from this 
flock have sold up to 120 gs., ram lambs up 
to 50 gs., and shearling ewes up to 25 gs. The 
Shenstone Court flock of Shropshires, founded 
in the year 1888, has since been consistently 
improved by the introduction of the very best 
sires, which have been purchased regardless of 
cost. A Shenstone ram holds the record for 
three successive wins at the E.A.S.E. Show, and 
ewes from the same flock have won first at this 
show for seven years in succession. Rams of 
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this flock have realized 240 gs. for export, and 
as much as 75 gs. has been obtained for ewes. 
The flock consists of about 400 breeding ewes. 
The Cahir flock, which numbers at present 150 
breeding ewes, belongs to Lady Margaret Char- 
teris, and was founded in 1879. The introduc- 
tion of blood from noted strains has raised this 
flock to a high level of excellence. The Wolgar- 
stone flock, the property of Mr. G. Brown, and 
descended from an old-established strain of 
Shropshire sheep, includes at present about 140 
breeding ewes. Like the last-mentioned, con- 
sistent improvement has been made by the in- 
troduction of noted prizewinning rams. The 
Holker flock, owned by Lord Richard Caven- 
dish, was established by the Duke of Devon- 
shire in the year 1897. Specimens of this breed 
have been exhibited at shows since 1903, and 
good prices have been realized for shearling 
ewes and lambs. The present flock consists of 
80 breeding ewes. The Corston flock, the pro- 
perty of Mr. T. A. Buttar, founded in 1870, con- 
sisting of 260 breeding ewes, has been raised to 
a high level of excellence by the use of the most 
successful sires. Noted prices have been ob- 
tained for specimens of the flock. In 1897 But- 
tar Blue fetched 150 gs., in 1898 Koyal Record 
was sold for 310 gs., and in 1900 Record Knight 
made 130 gs. The Corston flock has taken a pre- 
eminent position in the United States and in 
Canada, sheep bred by Mr. Buttar having won 
the championship at the Chicago International 
in 1898-9, and the Toronto Industrial in 1906- 
7-8. The Lower Eaton flock, owned by Mr. C. 
T. Pulley, and instituted in the year 1866, em- 
braces 170 breeding ewes, and has been built up 
by the use of the very best sires purchased from 
well-known breeders at high prices. A large 
export trade has been enjoyed for many years, 
and representatives of the flock have been suc- 
cessfully shown both at home and abroad. The 
Acton Hill flock of Shropshires, belonging to 
Mr. R. G. Paterson, was founded in 1894, and 
at present consists of 170 ewes. The Arbour 
Farm flock, owned by Mr. J. E. Bourne, origi- 
nated in 1890, and consists at present of 140 
breeding ewes. This flock has had considerable 
success in the show yard, and commands a good 
export trade. The Hardwicke Shropshires have 
been maintained at Hardwicke since 1887. With- 
in recent years the flock has been strengthened 
by the introduction of several pens of first-class 
ewes obtained from leading breeders. Great 
care has been exercised in the selection of sires, 
with the result that high honours have been ob- 
tained in the show yard. A good export trade 
has been experienced for some j'ears past, many 
representatives from this flock having secured 
premier positions at the Chicago International 
Exhibition and at many of the leading State 
fairs in the United States. About 190 breeding 
ewes are kept. The Thorpe Hall flock, which 
dates back its origin some forty years ago, has 
been built up by the use of rams of exceptional 
merit, and ewes purchased at high prices from 
noted prizewinning strains. The flock, which 
has enjoyed a very successful show-yard career, 
consists of 110 to 120 breeding ewes, and has 
commanded high prices for individual specimens, 



the ram Doncaster Royal having realized 250 gs. 
as a four-year-old, and the ram Deemster 190 gs. 
The Whiston Hall flock of Shropshires, instituted 
as far back as 1820, is the property at present of 
Mr. Matthew Williams, and has a foundation 
stock of 150 breeding ewes. Numerous prizes 
have been won in the show yard, and rams have 
been sold for high prices. A representative of 
this flock won the first prize at the R.A.S.E. 
Show in 1907, and subseq-uently realized 250 gs. 
In 1904 a ram of the Whiston Hall flock was 
sold at Melbourne for 190 gs. At home the 
best draught ewes have fetched up to 10 gs., 
and, in the year 1906, ewes bred at Whiston were 
sold at Melbourne and made as much as 63 gs. 
each. The Tern flock of Shropshires, founded 
in 1862, and at present the property of Mr. T. 
G. Juckes, consists of 125 to 130 breeding ewes; 
and though the flock has not been shown, and 
no high prices made, yet a lot of sheep have 
been sold to America and have realized satis- 
factory prices. The Great Chatwell flock of 
Shropshires, founded in 1860, consisting of 132 
ewes, owned by Mr. J. Cordon, has long been 
maintained in a high state of purity. The 
Shrawardine flock, instituted about eighty yeais 
ago, has been represented in the Royal show 3'ard 
every year since 1858. The flock consists of 120 
breeding ewes, and is at present the property 
of Mr. Alfred Tanner. Many noted prize-win- 
ning rams and ewes have been used to build up 
this flock, and premier honours have been won 
at the leading shows at home. Finally, there 
is the Montford flock, founded in 1873, and at 
present the property of Mr. T. S. Minton. This 
flock has produced many noted prizewinners. 
At the annual home sale held in August or Sep- 
tember, over 200 gs. has been reached for rams, 
and 150 gs. for a pen of 5 ewes. The type of 
Shropshire at Montford is an animal on short 
legs, with close wool and dark muscular flesh. 

[a. m.] 
Shrubbery. — This term is usually applied 
to a plantation of shrubs which may or may not 
also contain plants of a different character, rather 
than to grounds planted with shrubs here and 
there. Shrubberies in the past often contained 
a poor selection of plants, and were consequently 
gloomy and uninteresting, but of late years they 
have been improved. A good mixed shrubbery 
of deciduous and evergreen plants contains a 
proportion of flowering shrubs, of those with 
foliage conspicuous in autumn or winter, and of 
plants with ornamental stems and fruits. It is 
not a good plan to have bare earth beneath the 
shrubs. It is much better to carpet the ground 
with plants that will endure some shade, or in the 
case of a thin shrubbery, bulbs may be planted. 
A shrubbery may also be made more attractive 
by planting a foreground of low-growing per- 
ennial flowers. A satisfactory shrubbery cannot 
be formed under large trees. In planting, it is 
essential that the most compact -growing and 
small shrubs should be placed in the front, with 
those of medium stature next in order, and the 
largest plants in the middle or at the back. 
Overcrowding is a common fault, but shrubs 
may be planted somewhat thickly at first for 
effect, with a view to the removal of some to 
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other quarters when they develop. In mixed 
shrubberies it is very necessary to see that the 
strongest-growing plants do not overcrowd their 
neighbours. [w. w.l 

Shrubs. — Flower gardens and pleasure 
grounds would be poor places without shrubs, 
and very many gardens would be even more 
attractive if they contained more of them. In 
the larger gardens, in addition to the shrubbery 
proper, it is an excellent plan to plant shrubs, 
such as free - growing roses, berberises, coto- 
neasters, philadelphuses, diervillas, &c., in beds, 
and the eflect may be still further enhanced by 
planting such bulbs as chionodoxas, snowdrops, 
bluebells, &c., underneath them. Other beds 
may be planted with evergreen shrubs for win- 
ter effect. Most shrubs abundantly repay trouble 
expended in trenching, manuring, and cultivat- 
ing the soil, while pruning is also an important 
matter. Some shrubs, however, such as cyti- 
suses and genistas, will make good growth and 
flower more freely in comparatively poor soil. 
Autumn, or, failing that, February, is the best 
season for transplanting shi'ubs, but many ever- 
greens may be moved with balls of soil from 
August till May. Bamboos require to be trans- 
planted in May. It is important that, in trans- 
planting, the roots of shrubs should not be 
allowed to become dry. The number of good 
garden shrubs is fortunately very large, and is 
continually being added to. The following lists 
will aid those who require to plant shrubs which 
■will thrive under special conditions : — 

Shkubs fob Seaside Planting 



Diciduoii-S 



Hippophae rhamiioicles. 
XJlex europaeus. 
Tamarix gallica. 
Myricaria germanica. 
Sambiicus nigra. 
Corylus Avellana. 
Rosa spinosissima. 
!Rosa rubiginosa. 
Hydrangea hortensis. 



Lyciirm europium and L. 

barbartim. 
Cytisus scoparius. 
Berberis vulgaris. 
Rbamnlis catharticus. 
Jiiniperus communis. 
Ribes sangi-iineum. 
Symphoricarpus racemo- 

sus. 
Ceanothus americanus. 



Evergreen 



Euonymus japonicus. 

Veronica decussata. 

Rhododendrons (thick- 
leared kinds). 

Escallonia macrantha. 

Escallonia pterocladon. 

Ilex Aquifolium (thick- 
leaved vars. ). 

Hedera Helix varieties. 

Quercus Ilex. 

Crata3gus pyracantha. 



Rhamnus Alaternns. 
Phillyrjea media. 
Phillyrsea angustifolia. 
Phillyraja latifolia. 
Cotoneaster microphylla. 
Cotoneaster Simonsii. 
Atriplex Halimus. 
Berberis Darwinii. 
Berberis empetrifolia. 
Berberis Aquifoliura. 



EVEEGEEKN SHRUBS rOB SMOKT TOWNS 

Rnscns aculeatus. 

Skimmia japonica. 

Ulex euroi^asus. 

Yucca gloriosa. 

Yucca recurvifolia. 

[w. W.] 

Shudes ' Shudes' is a name used to desig- 
nate the outer husk of certain grains. In this 
country it is applied more particularly to oats 
and rice. The 'shudes' consist practically of 
the outer glumes of the flower. Another name 



Aucuba japonica. 
Buxus balearica. 
Daphne Laureola. 
Osmanthus ilicifolius. 
Phillyrasas. 



that is sometimes used for them is 'hulls', but 
this is more generally applied to the shells of 
peas and beans. 

Shudes are not, properly speaking, a feeding 
material at all, for they are hard, indigestible, 
and frequently produce irritation in stock to 
which they are given. They consist largely of 
indigestible woody iibre, and have a considerable 
amount of silica; in the case of rice husk the 
quantity of this latter is very high, and the 
'shudes' have a rough irritating feeling. Pro- 
perly speaking, ' shudes' ought merely to be used 
for packing and similar purposes, or for treading 
down into manure, just as ' cavings' from thresh- 
ing are employed. It is, however, unfortunately 
the case that ' shudes', both of oats and rice (and 
the latter in particular), are largely used for 
adulterating meals, different offals of wheat, &c., 
and for compounding in feeding cakes. The ease 
with which, when ground fine, they can be in- 
corporated with such materials as barley meal, 
oat meal, wheat meal, rice meal, &c., and escape 
detection by the eye, renders their employment 
a profitable source for the dishonest trader. Even 
the shudes by themselves are sometimes ground 
very fine and are sold as ' pig meal ', &c., or they 
are incorporated with meals as mentioned above. 
Not long since an expos6 was made of a practice 
which had reached considerable dimensions, viz. 
that of selling under the name ' shudes' or ' shude 
meal' a material composed of sawdust and gyp- 
sum (sulphate of lime), the gypsum giving the 
appearance of flour being present. 

The following are analyses of oat shudes and 
rice shudes: — 



Moisture 

Oil 

^ Nitrogenous matters 
Digestible carbohydrates, &c. 
Indigestible woody iibre 
2 Mineral matter (ash) 



Oat 


Rice 


Shudes. 


Shudes 


9-23 


9-70 


0-49 


1-16 


2-44 


3-25 


50-73 


32-44 


34-08 


39-90 


3-03 


13-55 


100-00 


100-00 



^ Containing nitrogen 

2 Including sand and silica 



0-39 0-.52 

2-64 13-20 

[j. A. v.] 

Shying. — The sudden starting aside as if in 
fear, is known in horses as shying, and is a most 
objectionable habit and difficult to overcome. 
It has been attributed to defective sight, par- 
ticularly to short sight and the inability to cor- 
rectly focus objects at a distance. On the other 
hand, it is well known that many horses with 
defective vision caused by cataract and by opaci- 
ties upon the cornea do not shy. Mr. Galvayne 
and other famous horse-masters attribute it to 
bad management at some period of the colt's 
education. Nearly all Russian ponies have the 
habit, and it is said that they acquire it in avoid- 
ing 'faults' in the ice over which they travel. 
If the habit originates in a nervous tempera- 
ment it may be overcome to some extent by 
familiarizing the animal with the objects which 
most startle him, keeping an inverted wheel- 
barrow and a prone bicycle in the stable yard, 
and compelling him to stand while railway trucks 
are being shunted or motor vehicles started. If 
the shyer can be convinced that there is nothing 
harmful in the particular object he fears, he will 
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gradually cease to shy at it. When these mea- 
sures fail, there is nothing to be done but ar- 
range a more or less complete blindfold from 
one side of the bridle to the other, [h. l.] 

Sickle. — The sickle as a tool for cutting 
corn has become almost extinct in recent years, 
though, before the 
reaping machine was 
commonly used, very 
large areas of grain 
were cut by it. The sickle 
is either made with a 
serrated or somewhat 
sawlike edge, or with 
a smooth edge ; and the 
former is used in a dif- 
ferent manner, as, in- 
stead of the cutting Ijeing 
done by a swinging chop, 
the corn is gripped by 
the left hand above the 
point of cutting, and held 
away from the reaper's 
body; whilst, holding the 
sickle in his right, he pulls 
it sharply towards him, 
practically sawing through 
the handful. The stubble 
is usually left 8 in. or so high. 

Sidebones. — The lateral cartilage which 
forms an extension of the pedal bone on each 
side is normally elastic and compressible under 
the finger, but specially liable to undergo a 
change in its structure, whereby the cartilage 




Sickle 



[w. J. M.] 




Pedal Bones, show...p 

constituting 'sidebones' 



cells are filled up with mineral matter and it 
assumes the form of bone on the side of the foot, 
thus acquiring the name above given to it. 
Narrow and upright feet are perhaps more prone 
to it than others, and it is agreed by veterinari- 
ans that the defect is hereditary. Heavy horses 
are more subject to sidebone than nags. It may 
or may not be accompanied by lameness in the 
early stages, and it may be arrested before it 
has attained to any great size. The degree of 
ossification of the lateral cartilage, its presence 
or absence, has been the subject of dispute 
among experts, and many cases in the law courts. 



Pronounced cases are easily felt, and generally 
to be seen without special knowledge of anatomy. 
Much benefit is conferred by suitable shoeing. 
Blistering often has the effect of arresting further 
ossification, and is credited with causing a cer- 
tain amount of absorption. Firing is resorted 
to in bad cases, and on the Continent sawing 
through the hoof and working the animal while 
reunion is taking place. The latter practice is 
discouraged in this country as being cruel and 
unjustifiable. [h. l.] 

Silage. See Ensilage. 
Silica and Silicates are compounds of 
silicic acid with metallic oxides. They form 
almost the whole of the mineral matter of the 
earth's crust, and even the remaining minerals 
are to a large extent derived from them. Sili- 
con in fact plays in the mineral kingdom the 
same predominant part that carbon plays in 
the organic world ; and it is remarkable that 
these two dominating constituents are chemi- 
cally very closely allied. 

Silica (SiOj), the anhydride of silicic acid, 
occurs in the pure state, usually as a deposit 
from water, in quartz or rock crystal found in 
masses varying in weight from a fraction of an 
ounce to more than a hundredweight ; also in a 
less pure state as sand. At ordinary tempera- 
tures it is comparatively inert, reacting only 
with hydrofluoric acid to form a volatile fluo- 
ride; but at very high temperatures it is che- 
mically active, displaces most acids, and unites 
with most oxides to form silicates. This hap- 
pened during the stage in the earth's history 
when the whole mass was molten. 

The silicic acids do not occur in nature, 
but some of them have been prepared in 
the laboratory ; like other weak acids they 
give rise to a number of complex and basic 
salts. 

The Silicates. — An example of the simplest 
silicates is afforded by waterglass (KjSiOj); 
but such simple silicates rarely occur in the 
soil, usually two or more metals are present, 
aluminium almost invariably ; iron, potas- 
sium, sodium, calcium, magnesium very fre- 
quently occur, and small quantities of man- 
ganese are common. 

The silicates generally form isomorphous 
mixtures, so that no formula can be given to 
express exactly their composition ; nor can 
tables of exact percentage compositions be 
drawn up, since these vary between the limits 
of isomorphic replacement. 

The following are some of the important 
silicates in the soil : — 



Orthoclase 
or potash felspar 

Albite 

Anorthite 
Kaolinite 

Muscovite (mica) 
Chlorite 



}.., 



AlKSijOe- 

AlNaSisOs. 

Al2Ca(Si308)2. 

AljSijHjOc,. 

AlSiO.Q. 



Hornblende (see the art.) 

Augite MgOSiOj, or - 

Leucite KAlSioOfi. 



MgO-| 
CaO VSiO,. 
FeoJ 



Silk 



In all cases there is likely to be some isomorphic 
replacement. 

The first three decompose and give rise to the 
clays; orthoclase forming kaolin, which contains 
kaolinite. Hornblende and augite are often 
black from the presence of magnetic iron oxide, 
and as such form the black constituent of many 
rocks ; they readily weather. Mica, on the other 
hand, does not. The Zeolites (e.g. Natrolite) 
are a class of compounds derived from the origi- 
nal rock silicates by some chemical changes 
occurring in the cavities of basalt, lava, and 
less frequently, granite and gneiss; they are 
hydrated silicates of alumina with lime, soda, 
potash, and occasionally baryta. Many of them 
froth up when heated before the blowpipe, hence 
their name (zeolite = 'boiling stone'). They 
are distinctly reactive, and have been supposed 
to play an important part in the soil (§ 19, Soil). 

[e. j. r.] 

Silk is the fibre produced by a 'worm' or 
caterpillar, in order to form a protecting case 
or cocoon, in which it may live in safety as a 
chrysalis, until the time comes for it to emerge 
as the winged insect or moth. The moth lays 
eggs, which, after a certain period of hiber- 
nation, spontaneously hatch and yield worms. 
These are fed on certain plants until in their 
turn they attain maturity and spin their co- 
coons. After a second hibernation as chrysalids, 
the iinal stage, of the perfect or winged insect, 
is once more attained, when each cocoon gives 
forth a male or female moth. From egg to 
moth is thus the life-cycle or generation, and 
when this is accomplished only once a year, the 
insect is termed univoUine. But certain breeds 
(or perhaps rather climatic races) are known to 
be bivoltine, that is to say have two generations 
a year ; others are trivoltine, qiiadrivoltine, or 
even multivoltine (have as many as eight or nine 
broods a year). But the nature and quality of 
the silk varies according to the species or race 
of silkworm reared and the kind of food plant 
on which fed. By far the most important silk- 
worms are those that live on the mulberry, and, 
because these have been for the longest time 
domesticated, they are often classed as the Do- 
mesticated Silkworms, all the others being thrown 
together into a second group, sometimes desig- 
nated the Wild Silkworms. The mulberry-feed- 
ing silkworms, however, belong to a diilerent 
tribe — the Bombycidae — from the non-mulberry- 
feeding species — the Saturniidse. Moreover, the 
silk obtained from them is much superior, and 
also so very different from that of the wild silks, 
as to have caused many writers to speak of the 
mulberry as 'true silk' and to place all the 
others either as ' wild silks ' or as ' tasar (tusser, 
tussore, &c.) silks'. But within recent years a 
new complication has arisen. The cocoons, after 
a certain treatment which softens them, are 
reeled; that is to say, the threads {have) worked 
into the walls of the cocoons are drawn out, 
and two or more such original filaments are 
thrown together and twisted around each other 
to form the yarn employed by the silk weavers. 
A small portion of each cocoon cannot, how- 
ever, be reeled, and, until quite recently, that 
portion was treated as waste. It is now carded 



and then spun, thus forming yarn quite dif- 
ferent from, and inferior to, that of reeled 
silk, but still very valuable. Now, since many 
of the wild silks cannot be reeled at all, or 
reeled very imperfectly, they are largely carded 
and spun, and either used by themselves as 
special silks, or are mixed with carded mul- 
berry silk and worked up in the form of various 
grades of spun silks, so that in modern com- 
merce we have now two important kinds of 
silk — reeled and spun. 

The mulberry-feeding insect is Bomhyx mo^-i. 
It was perhaps originally indigenous to the 
warm temperate regions of northern China and 
the mountains to the south, until the confines 
of Burma and India were reached. To-day the 
worm has been taken to every part of the globe 
where it has been found possible to grow the 
mulberry plant. But just as there are several 
distinct species, and under each of these many 
different races of the plant, so there are numer- 
ous forms of this silkworm, some of which have 
been evolved within the countries of their pro- 
duction. Of the countries that now produce 
silk, mention may be made of the following : 
Europe — Italy (Lombardy), France (Central and 
South), Spain, Portugal, Russia; Asia Minor, 
<&c. — 'Turkey, Algeria, Egypt, Syria, Armenia; 
Asia — Central Asia, Persia, Afghanistan, Kash- 
mir, India, China, Japan, Corea, Siam, Burma, 
&c. ; America, and Australia. 

The mulberry silkworm everywhere thrives 
best and gives the finest silk where the climate 
is temperate, so that the insect may be only uni- 
voltine, or at most bivoltine, and its food plant 
one or other of the races of the White Mulberry 
{Morus alba). Under skilled treatment, both of 
the food plant and the insect itself, immense 
improvements have been effected, especially in 
Europe and Japan, so that it is commonly said, 
both of China and India, that they have fallen 
below the modern level of quality. But this is 
largely due to the fact that the climate of the 
areas of greater production in these countries 
is almost tropic, thus causing the insect to be- 
come multivoltine, and necessitating the use of 
other and less favourable species of mulberry, 
such as M. indica. Moreover, the heat of these 
regions engenders a spirit of indifference if not 
of apathy on the part of the cultivators — a 
frame of mind fatal to sericulture. In perhaps 
no other industry is cleanliness, regularity, and 
method more essential than in silk-rearing. In 
the most highly favoured silk-growing countries 
the mulberry is grown as a tree (the standard 
system). This is the practice in Europe and in 
northern India (Kashmir, the Punjab, &c.), but 
in more tropical tracts the bush system prevails, 
as for example in Bengal. Not only is the insect 
immediately influenced by the race or stock of 
the food plant given it, but by the method of 
cultivation pursued. Thus many insects will 
not eat leaf produced from the bush cultivation, 
even if the plant used be the same, while others, 
such as the chhotapalu of Bengal, will only thrive 
on bush-produced leaf. The mulberry can be 
grown on any kind of high well-drained soils, 
but more successfully on loams than stiff clays. 

From 1865 to 1870 Pasteur devoted himself 
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to the study of the diseases of the silkworm, 
and the remedial measures which he recom- 
mended have since been not only widely adopted 
in Europe, but throughout the silk - rearing 
regions of the world. These consist in the selec- 
tion, under the microscope, of eggs free from 
disease, and the rejection of all eggs laid by 
diseased moths. It is most important that the 
hatching should not take place till the mul- 
berries have put forth their spring flush of leaf 
— this is the foremost of all considerations. Im- 
mediately the eggs are hatched the worms are 
just a little over J in. in length. They are at 
once given mulberry leaves cut into fragments 
^ in. in size, and spread, for that purpose, on 
shallow wickerwork trays, arranged on shelves 
within a well - ventilated breeding shed. The 
worms rapidly devour the leaf and increase in 
size, the skin of the rapacious creature being 
from time to time renewed. The greatest care 
must be bestowed in removing the waste mate- 
rials, with the supply of each fresh batch of 
leaf, the worms being allowed to crawl from 
the old to the new supply. Uniformity of cli- 
mate and liberal ventilation, combined with 
thorough cleanliness, are the essentials of suc- 
cess. On the worms discontinuing to eat, they 
are placed in large trays, partitioned off into 
numerous cells, each sufficiently large to allow 
the caterpillar to spin undisturbed and to change 
into the chrysalis. Cocoons with a hard, firm 
shell and of large size are most valued, since 
they contain a greater amount and higher per- 
centage of silk, capable of being reeled. Soft, 
thin, and small cocoons are inferior in value. 
If intended to be reeled, the cocoons are heated 
in an oven, or are steamed until the contained 
chrysalids are killed; then they are baled and 
consigned to the filature, and finally the silk 
reeled from them is taken to the mill, to be 
worked up into silk goods. 

The 'Wild Silks' are both numerous and 
diversified, so that to do them justice a little 
volume would have to be written, and the reader 
is therefore referred to technical works, of 
which many exist. Speaking generally, they 
may be said to be collectively much more tropi- 
cal in their habitats than the mulberry insect, 
and less restricted in their food plants. The 
one most often mentioned is the Indian Tasar 
(Anthercea paphia), a denizen of the upland 
forests of that country, and mainly in regions 
unsuited to Europeans. The insect is an in- 
tractable one that has resented all efibrts at 
domestication, lives on lofty trees, and has but 
one advantage, viz. the cocoons are large, are 
suspended from the twigs, and can thus be 
readily seen. Collection is, however, expensive, 
and comparatively little progress has been made 
with this insect. All this is changed with the 
Chinese Tasar {A. pernyi); it is a native of warm- 
temperate tracts, feeds on the oak leaves, has 
been semi-domesticated for centuries, and gives 
two crops a year. But in modern commerce 
any silk fabric of a golden-yellow colour (nowa- 
days made very often of spun waste silk) is in 
European retail trade described as tasar. The 
'Muga Silk' of Assam is well known, and very 
different from tasar, though in European com- 



merce the two are hardly distinguished. The 
insect that produces it is Anthercea assamica. It 
occurs throughout the eastern side of India, and 
is fed mainly on the leaves of a laurel {Litswa 
polyantha). It exists in a state of semi-domes- 
tication, the worms being placed on the trees 
to feed and then removed indoors to spin their 
cocoons. There are generally five generations 
a year, but, of these, two are regarded as the 
chief and the most valued. The ' Eri Silk- 
worm' {Attacus ricini) has many features of 
great merit, so that it may be said, of all the 
wild silks, to be the one deserving of the great- 
est attention in the future. It is fed on the 
leaves of the castor-oil plant, which could be 
systematically produced for it ; is naturally 
multivoltine, and can be reared entirely within 
doors, so that it may be spoken of as completely 
domesticated. It is fairly largely reared in India 
to-day, but is capable of indefinite extension as 
an auxiliary in tropical agriculture. Other wild 
insects exist in Madagascar, Africa, Japan, Java, 
&c. ; but the above particulars are sufficiently 
indicative of the present position and future 
prospects of the wild-silk industry of the world. 
Their future turns on cheap production and an 
extended demand for carded silks. [g. w.] 

Silkworms. — The common silkworm is the 
caterpillar of a moth called Bomhyx mori. This 
insect has been cultivated for a great many years, 
and is probably the one first used in China in 
very remote periods. As far back as 2640 B.C. 
the Empress Se-ling was known to have largely 
encouraged the rearing of the silkworm and the 
reeling of silk. The Chinese guarded this worm 
most zealously, and it was not until 300 a.d 
that silk was made in Japan. Soon after, the 
silkworm spread to India. In 550 a.d. two 
Persian monks, encouraged by the Emperor 
Justinian, went to China and brought back large 
quantities of silkworm eggs and mulberry seeds 
hidden in bamboo staves. From this stock, manu- 
factures were set up in Corinth, Athens, and 
Thebes, and later spread over Italy, France, and 
Spain. The stock which the Persian monks 
introduced supplied the worms which supplied 
the Western Hemisphere for 1200 years, but in 
the last century the introduction of new stock 
became necessary. 

The greyish silkmoth Bmnbyx mori and its 
allies and races are all incapable of any proper 
flight. Several so-called species, most apparently 
only local races, of mori are cultivated, such as 
the Boropooloo of Bengal {Bomhyx textor), which 
has one generation per annum; the Bomhyx sin- 
ensis, the Chinese Monthly Worm, which has 
several generations; the Madrasi Worm of Ben- 
gal (B. Crossiis), the Desi Worm of Bengal {B. 
foriunatus), and the Burmese Worm {B. arra- 
canensis). 

These silkworms feed upon the foliage of mul- 
berry and require constant care. The grey worm 
lives for six weeks, and moults its skin four 
times. Before they are going to spin, they are 
either separated or bunches of fine twigs are put 
with them, and the so-called worms 'bead' or 
'mount' upwards and spin the cocoons amongst 
the twigs. The cocoon takes about three days 
to form, and is composed of an inner compact 
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portion, the 'pod', and an outer loose mass, the 
'floss'; the silk is woven in a iigure-of-eight. A 
cocoon weighs from 15 to 50 gr. Two threads 
leave the mouth, but are soon united. The 
length of silk in a cocoon is from 4000 yd. and 
upwards. Of this, only some 900 can be reeled. 
The pupal stage lasts about three weeks. The 




Common Silkworm {Bombyx mori) 
1, Caterpillar. 2, Cocoon. 3, Female moth. 4, 

females lay about 500 eggs. They winter in the 
egg stage. 

The silk fibre of Bombyx is roundish in sec- 
tion, and varies from j^T) to toVo o^ ^^ i'^'^'^ ^^ 
thickness; it consists of a core of fibroin covered 
by silk albumen or sericin, a waxy colouring 
matter. The large silk glands manufacture the 
semi-liquid fibroin, and the action of the oxygen 
in the air transforms the external pellicle into 
a more soluble form — sericin. One ounce of ova 
(graine) = 400,000 ova, and the young from these 
consume in their first stage 6 lb. of mulberry 
leaves, in their last stage 1098 lb. These worms 
should yield 80 to 100 lb. of cocoons, of which 
85 per cent is composed of pupae. 

Wild silkworms are now largely used, belong- 
ing to the genera Attacus and Anthertea. The 
so-called Eri Silkworm or Arrinda {Attacus ri- 
cini), which feeds on the castor-oil plant, is im- 
portant in Assam and Bengal, but the silk is 
difficult to reel. The Ailanthus Silkworm (Atta- 
cus Cynthia), a native of China and India, is also 
used, and spins a silk of a drab colour. This 
has been used in France. In Japan the Oak- 
feeding Silkworm {Anthercea yama-mai) is in 
favour. Its cocoon is alone surpassed by onori; 
it is larger, and the silk is of a greenish-gold, 
the floss being coarse. The moth is 6 to 7 in. 
across the wings. It was introduced into France 
in 1862 under great difficulties, the exportation 
of eggs then being punishable with death. The 
worm is a beautiful green with yellow sides, 
and silvery spots and tufts of spines and hairs. 
The well-known Assam silks are made by the 
Assam Worm or Muga (Antheraia assamensis) 
peculiar to the district. The Chinese Tussur 
(or Tasar) Silkworm [Antlwraa pernyi) is an oak 



feeder native to Mongolia. It yields some of 
the Tussur silk that is imported into Europe. 
It forms two cocoons a year of dull-yellowish- 
white strong silk easily wound. The famous 
Indian Tussur silk is the product of another 
worm, Anthercea mijlitta, found nearly all over 
India. The worm feeds on a great variety of 
Indian plants. 

The old domesticated worm 
suffers from two diseases — one, 
'pebrine', nearly stamped the 
worm out in France in 1876. The 
discovery of its cause and pre- 
vention by Pasteur is now a 
matter of history. Another dis- 
ease, 'muscadine', is due to a 
fungus, Botrytis hassiana. 

Silk farming has never been 
seriously taken up in Britain, 
but there is no reason why it 
should not pay. [f. v. t.] 

Silpha atra. — This beetle 
is black and shiny, very like the 
next beetle, but has no ridges on 
the wing cases. Its economy is 
very similar. 

Silpha opaca (Linn.), the 
Beet Carrion Beetle, frequently 
found in cornfields, is supposed 
to injure the wheat crops. It 
inhabits, however, dead carcasses 
in the spring, summer, and 
autumn ; hibernating in winter in moss at the 
roots of trees, &c. The economy of the larvte 
is singular; for, instead of feeding upon putrid 
animals, like their congeners, they live upon the 
healthy beet leaves ; and where they attacked 
the young plants, entire crops have been swept 
off by them. In France and Ireland the larvte 
have committed extensive ravages ; while fre- 
quent reports of the damage done to wurzel have 
been recorded in this country. 
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Beet Carrion Beetle (Silpha opaca) 

1 and 2, Larvse. 3, Larva (magnified), i, Larva 
5, Female beetle. 6, Male beetle. 



The larvte first appear the third week in May, 
and are matured about midsummer. They are 
black and shining; the head is large and bent 
down, and there are two antennie composed of 
three segments; they resemble wood-lice (see 
figs. 3 and 4), being formed of about thirteen 
segments, with two-jointed spines at the tail, but 
they have only six little legs. Figs. 1 and 2 show 
the young and full-fed larvfe devouring a beet 
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leaf; fig. 3 shows one magnified, as well as fig. 4, 
which is more attenuated, and supposed to be 
the male. They bury themselves to change to 

Eupie. The beetles are black and punctured, 
ut clothed at first with short tawny hairs, giving 
them a surface like satin. Fig. 5 is a female 
flying; 6, a male walking, a little magnified. 
As the beetles breed in manure, it is important 
that on land subject to this attack it should be 
ploughed in at once. [j. c] [f. v. t.] 

Silpha quadripunctata (the Spotted 
Silpha). — This species can at once be told by 
having the margins of the thorax and the elytra 
of a dull-ochre-yellow, the elytra having each 
two black spots. It is found in summer on oaks, 
where it mainly feeds on caterpillars. [f. v. T.] 

Siiphidse (Carrion, Burying, and Beet 
Beetles), a family of beetles containing two well- 
known genera — Necrophorus (Burying Beetles) 
and Silpha (Carrion and Beet Beetles). The 
former, of dull-red-and-black, feed upon dead 
animal matter. The latter are smaller and 
rounder, seldom more than -j in. long, generally 
black in colour and flattened. The Silpha are 
omnivorous, feeding on dung, carrion, and in- 
sects, as well as vegetation. Two species are 
harmful to crops. The larvfe are active and six- 
legged, and with their segments notched or with 
sharped edges. See preceding articles, [f. v. t.] 

Si it. — Silt, in the broad geological acceptation 
of the term, is applied to any fine-grained pro- 
ducts of rock weathering that have been deposited 
from water. In the science of soil-physics the 
term has been used for the particles which con- 
stitute the 'fine earth' of a soil. The term is 
also used by many soil-analysts to denote the 
grade of soil-grains intermediate in size between 
fine sand and clay. The dimensions of the 
silt grade are variously placed at diameters of 
•25--0015 mm., -OS-'OOS mm., •04--002 mm., or 
•01-'005 mm., &c. Silt in this resti'icted sense 
has the function, in the soil, of a coarser clay, in- 
asmuch as it presents a comparatively large sur- 
face to serve as a feeding ground for plants and 
for the retention of soil -moisture. It differs, 
however, from 'clay' in favouring a higher rate 
of capillary water movement, and in contribut- 
ing less stiffness and tenacity to a soil. [t. h.] 

Siiurian System. — Under this head will 
be described the strata and soils that belong in 
reality to two systems. These are commonly 
separated as Ordovician (or Lower Silurian) and 
Silurian proper (or Upper Silurian) respectively. 
The Upper Silurian is also styled Gotlandiau 
by those who wish to retain the term Silui'ian, 
as established by Murchison in 1835, as a con- 
venient one to cover both the systems, espe- 
cially where their limits have not been ade- 
quately worked out. The broad use of 'Silurian ' 
prevails in many parts of the Continent and in 
Ireland. 

The strata included under this general name 
are as follows: — 



Upper Silurian (Got- 
landian ; Silurian as 
often restricted). 

Lower Silurian (Ordo- 






3. Ludlow Series. 
"Wenlock Series. 
Llandovery Series. 
Bala and Caradoc Series. 
Llandilo Series. 
Arenig Series. 



Consisting of old shales, often converted into 
slates, and well - cemented sandstones, passing 
even into quartzites, the Silurian beds give rise 
to hummocky land, even where not elevated 
into the region of crags and precipices. There 
is a remarkable deficiency of limestone in the 
Lower Silurian system. 

The Lower Silurian or Ordovician System is 
best studied in North Wales. The Arenig 
Series includes numerous flinty rocks repre- 
senting ancient lavas. The volcanic activity 
that began in this area in late Cambrian times 
gave rise in the Arenig epoch to a number of 
intrusive and extruded masses, among which 
is the columnar 'felsite' that forms the great 
craggy wall of Cader Idi'is. The volcanic ashes 
sometimes produce milder features ; but many 
have been baked into flinty types by later in- 
trusions of igneous rock. The Stiper Stones 
of Western Shropshire are a ridge of Arenig 
quartzite. The Llandilo or Llakdeilo Series 
occupies a considerable area of the hilly ground 
in south-central Wales, and consists of shales 
and sandy flagstones, with some calcareous 
matter. In North Wales these beds occur above 
the volcanic rocks of the Arenig Series on the 
Merionethshire anticlinal, appearing thus high 
on the back of Cader Idris and at Tremadoc. 
The Bala Series corresponds in age with the 
Caradoo Series of Murchison, established on 
the Shropshire border. A limestone band is 
a conspicuous feature near Bala. Otherwise, 
slates and sandstones prevail ; but among these 
are intercalated enormous masses of igneous 
rock, mostly tuffs and lavas of a highly sili- 
ceous nature. These have weathered out, largely 
under the influence of frost in glacial times, to 
form the precipitous crags of the Snowdon group 
and the associated hills. Farming can here be 
carried on only in the valley -floors, and the 
ground is much cumbered by angular blocks 
that have fallen from the heights. Nodular 
phosphorite, forming a bed at times 18 in. thick, 
occurs in the upper part of the Bala Series in 
the Berwyn Hills, and has been worked com- 
mercially. This fact bears out the conclusions 
come to in regard to still earlier strata (see art. 
Cambrian), and shows that Silurian soils need 
not suffer from a paucity of calcium phosphate. 
In the Lake District, the Skiddaw Slates pass 
down into the Cambrian, but are mainly of 
Arenig age. The most mountainous and barren 
ground is formed by a mass of highly siliceous 
tuffs and lavas, the Borrowdale Series, erupted 
in Llandilo times. Most of the gentler ground 
is left for sheep, and much is occupied by pri- 
vate parks. The Coniston Limestone Series 
is of Bala age, and includes the Ashgill Shales. 
This series lies mostly on the south of the moun- 
tain region. 

Representatives of the Lower Silurian system 
occur as a broad band on the north-west edge 
of the southern uplands of Scotland, and as in- 
liers throughout that hilly area. In Ireland, 
Lower Silurian shales and slates occur as inliers 
in the broad area from Belfast Lough to Long- 
ford. Similar rocks, often altered by the granite 
into mica schists, flank both sides of the Lein- 
ster Chain. The rivers from the central axis 
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cut ravines when they enter these beds, and 
a broken wooded country results, descending 
into a drift-covered hummocky lowland in the 
east of Wicklow. Numerous igneous rocks, dio- 
rites and ' felsites ', provide prominent features, 
and these are especially abundant in the south 
of Co. Waterford. Bala Limestone occurs on 
the Chair of Kildare and at Portrane in Co. 



Dublin. In the Killary Harbour area of South 
Mayo and North Galway, great masses of slate, 
sandstone, and conglomerate rest unconform- 
ably on the Connemara metamoi'phic series, and 
are in part of Lower and in part of Upper 
Silurian age. Ai'enig, Llandilo, and Bala rocks 
are recognized in this mountainous region. 
The Upper Silurian (or Silurian system as re- 
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stricted) is typically developed in south Shrop- 
shire, where the Llandovery beds rest uncon- 
formably on Caradoc sandstone. The Llan- 
dovery Series is formed in Wales and England 
of sandstones and grits, and the upper beds, 
appearing as an inlier at May Hill, north-east 
of the Forest of Dean, have been marked off as 
the May Hill Sandstone. The Wenlock Series 
is finely seen on the scarped face of Wenlock 
Edge in Shropshire, where the Wenlock Shales 



below, producing gentler slopes and stiff clayey 
ground, are capped by the mass of the Wenlock 
Limestone. The Ludlow Series comes in above, 
containing some limestone, but consisting mainly 
of flaggy sandstones, and shales which produce 
wet muddy ground. Its highest beds form the 
micaceous flaggy Downton Sandstone. 

In North Wales, the Upper Silurian strata 
are on the whole sandy, and form high moor- 
land country in the Berwyn Hills. The Ta- 
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rannon Shales at the base are a thick series, 
often slaty, whicli extend far into South Wales, 
where they overlie Upper Llandovery beds. 
The Denbighshire Grits represent the Wenlock 
Series, and can be traced from Conway to 
Radnorshire. They are sometimes more ar- 
gillaceous at the base. 

In the Lake District, the Upper Silurian 
system is represented by slates and sandstones 
producing hilly country in the south of the area. 
The southern uplands of Scotland, a picturesque 
region largely clevoted to sheep-farming, consist 
mainly of Upper Silurian rocks. Some culti- 
vation is carried on in the long alluvial valleys, 
but much of the country, even at a low level, is 
pure moorland, and the few roads that traverse 
it have the character of mountain passes. Granite 
bosses have penetrated these Silurian beds, and 
add important features to the southern land- 
scapes. A large part is played by the shales 
ancl grits of the Birkhill Series, which are of 
Llandovery age. Tarannon, Wenlock, and Lud- 
low rocks succeed one another in this area. 

In Ireland, the areas of Upper Silurian rock 
are much more extensive than was formerly sup- 
posed. In the region from Longford to the north 
of Co. Down, representatives of the Birkhill 
Series occur, revealing inliers of Lower Silu- 
rian rocks beneath them. The country is hum- 
mocky and irregular, and the ground, formed 
of slates and hard sandstones, has been difficult 
to cultivate. The Newry granite forms a ridge 
in the centre, and the Cainozoic granite of the 
Mourne Mountains also breaks through this 
area. In the Killary Harbour area, Upper 
Silurian rocks appear in a mountainous country, 
which is contrasted with the Carboniferous low- 
land to the east. Several of the inliers among 
the Old Ked Sandstone domes of the centre and 
south of Ireland reveal shales and sandstones 
of Llandovery age. These weather down more 
easily than the surrounding Old Eed Sandstone, 
and form broad upland basins, occupied as 
farm lands, shut in by more forbidding hills. 

[o. A. J. c] 

Silurian Soils. — A not inconsiderable por- 
tion of the Silurian area of the Biitish Isles is 
an unenclosed waste, or at best only suitable 
for rough pasturage, while, on the other hand, 
much of the land on this formation has been 
successfully cultivated, and in fact includes some 
of the best-farmed districts in the kingdom. 

The southern uplands of Scotland, which are 
composed of Upper and Lower Silurian rocks, 
but mainly of the former, do not furnish soils 
of very great fertility. At the greater ele- 
vations they are cold and poor, but at lower 
levels, although abounding in coarse, stony ma- 
terial, land of a better description may be found. 

In Wales the Silurian land is on the whole of 
an inferior type ; while the same may be said 
of the Cumberland district; but the Skiddaw 
Slates produce a deep soil which bears a better 
vegetation than is found on the soils of the 
other Ai'enig rocks. 

The Llandilo Series, as developed in Shrop- 
shire and round Caermarthen, forms a light 
free - working loam well adapted for barley, 
turnips, and potatoes, while the soils of the 



Caradoc sandstones of Shropshire are of an in- 
ferior type, except where lime is present natu- 
rally or has been applied to the soil under culti- 
vation (Journ. R.A.S.E., 1858, p. 1). The non- 
calcareous Caradoc lands are frequently covered 
with heaths. 

Phosphatic material occurs in abundance in 
the limestones of Bala age, so that where these 
rocks outcrop, their influence on the fertility 
of a district is at once manifest; for example, 
the nari'ow rich belt of land in Westmorland 
extending from Windermere to Shap Fell coin- 
cides with the outcrop of the Coniston limestone 
(M'Connell, Agr. GeoL, p. 171). 

Two of the best-farmed counties of Ireland, 
viz. Down and Wexford, are mainly Silurian 
areas. The soil of the former county is a stony 
loam of only moderate fertility, but it is farmed 
so well that it produces excellent crops of oats, 
turnips, potatoes, &c. The Wexford soils, hav- 
ing been enriched by accessions of boulder clay 
and other superficial deposits, are of average na- 
tural fertility, and furnish in places well-known 
barley soils. The Silurian rocks of Monaghan 
and Cavan are very thickly covered with drift 
derived from the local fine-grained sandstones 
and shales ; the soils on this drift are strong 
retentive loams of rather poor quality. 

Except where the rocks include limestone 
beds, the Upper Silurian strata, as a rule, form 
cold tenacious clays. Some sandy beds at the 
top of the Ludlow Series form lighter and more 
open soils, which become fertile loams when 
they possess sufficient lime. In Shropshire the 
Wenlock Limestone makes very useful tillage 
land (Journ. R.A.S.E., 1858, p. 2). [t. h.] 

Silvanus surinamensis (Linn.) is a 
minute beetle which inhabits granaries, feeding 




Silvanus surinamensis 
1, Beetle. 2, Larva. 

upon the grain. It is of frequent occurrence in 
stores, where it feeds upon groceries, meal, and 
almost all edibles. The larva is a six-legged, 
whitish worm, upwards of a line long, with 
a large head and two longish antennaj. The 
pupa is smaller. The beetle is 1^ line long, 
very flat and narrow, of a rusty -brown colour. 
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thickly and coarsely punctured, and sparingly 
clothed with short, yellow, depressed hairs; the 
head is large, subtrigonate ; the antennae are 
stout, straight, and clubbed; eyes small and 
black ; thorax oval, with three ridges down the 
back ; elytra long and elliptical, with eight 
elevated lines, having alternate double rows of 
punctures and little shining bristles ; beneath 
them are two ample wings; legs short and 
stout; feet five-jointed. 

The female lays her eggs amongst meal, &c., 
and in the same place pupation takes place ; the 
pupa may lie in a cocoon of meal or may be 
naked. In this countiy, reproduction ceases in 
winter, the beetles hibernating in stores and 
granaries. The whole life - cycle varies from 
five to ten weeks in Britain, but in America it 
may pass through them in twenty-four days. 
Infested substances are best treated by being 
baked or heated through, or they may be sub- 
jected to the fumes of bisulphide of carbon with 
the exception of flour. [j. c] [f. v. t.] 

Siiver Fir (Abies) is a genus of the Abie- 
tinere tribe of the nat. ord. Coniferfe, to which 
also belong Pine, Spruce, Hemlock, Douglas Fir, 
Larch, and Cedar. Like all of these except the 
Pine, it has thin broad cone -scales, becoming 
thinner at the edges. It is an evergreen tree, 
with single leaves ranged spirally around the 
twigs and persistent foi- several years, and with 
cones ripening in the year of flowering. The 
Douglas Fir is the genus having the closest 
affinity and resemblance to the Silver Fir. In 
both the leaves are two-sided and have two 
resin-ducts along the lower surface ; but in Sil- 
ver Fir the leaves are sessile and indented at 
the tip (except in A. Pinsapo), and the cones 
are larger and erect, and shed the scales along 
with the seed in autumn ; whereas in Douglas 
Fir the leaves are petiolated and pointed, and 
the cones are smaller, pendulous, and with per- 
sistent scales, while the three -pointed flower- 
bracts are longer than in the Silver Fir. And 
after the pole-stage of growth has been passed, 
the bark of the Silver Fir remains whitish and 
little fissured, whereas that of Douglas Fir be- 
comes dark and much fissured, though both 
exhibit pustules of resin before fissuring takes 
place. Over thirty species of Silver Fir are 
known, of which only four are indigenous to 
Europe — the Common Silver Fir {A. pectinata), 
the Crimean {A. Nordmanniana), the Grecian 
{A. cephalonica), and the Spanish {A. Pinsapo). 
Numerous other species have been introduced 
into Britain for ornament, of which the chief 
are the A. grandis, A. concolor, and A. nobilis 
(with incurved silvery foliage) from California, 
and A. Pindrow and A. Webbiana from the 
Himalayas. But the Common Silver Fir is the 
only species likely to be grown extensively as 
a woodland crop in Britain. Introduced as an 
ornamental tree in 1603, it attains over 120 ft. 
in height and over 17 ft. in girth when growing 
isolated; and these dimensions seem likely to be 
exceeded by the Great Silver Fir (A. grandis) 
introduced in 1831, with longer and less pec- 
tinate foliage, but softer wood. The Common 
Silver Fir is the largest of European trees, and 
produces the largest crop per acre. As it has 



a heart-shaped root -system, it needs a fairly 
deep soil, and thrives best on deep sandy or 
fresh stiffish loam. It does not do well on wet 
land. Its lustrous whitish timber is soft and 
light, and much resembles Spruce, along with 
which it is often sold as ' White Deal ' from 
Rotterdam, or else specially as ' White Pine ' or 
'Swiss Pine'. Though whiter and softer than 
Spruce, it is slightly heavier (sp. gr. 0'97 green, 
0'47 seasoned); but they fetch about the same 
price, and are equally clean in the stem when 
grown in close canopy, as they both enduie side- 
shade. It is also less resinous, though pro- 
ducing ' Strassburg turpentine '. In Biitain it 
grows well up to about 70 years of age, then 
falls off in growth, and at about 90 to 100 years 
becomes overmature and subject to insect at- 
tacks (Sirex, Chermes), the lice especially being 
then apt to infest younger trees, and often to 
kill them in large numbers. Grown closely it 
produces seed from 60 to 70 years of age on- 
wards, good seed years occurring at intervals 
of 3 to 8 years. The seedlings need protection 
from early frosts, and also against drought in 
a dry summer. In nurseries this has to be pro- 
vided artificially (by branches, screens, &c.); but 
in the Central European woods natural protec- 
tion is given by regenerating it in groups under 
the parent trees, which are graduallj' removed 
when the saplings are over 5 to 6 ft. high and 
above frost level. But as the young trees stand 
shade well on good soil, the removal of the parent 
trees is often extended over 20 to 40 years, in 
order to gain the advantage of the large incre- 
ment that takes place in the free exposure to 
light and sunshine. In the mountain forests of 
Central Europe Silver Fir is thus worked with 
a rotation of 150 to 180 years, with natural re- 
generation extending to about 30 years or more. 
In Britain, however, a rotation of about 70 
years seems likely to offer the largest profit. 
It answers better than Spruce for underplant- 
ing thin crops of Oak or Larch on good soil, as 
it endures more shade and its leaves persist 
longer (5 to 7 years). The seedlings are of slow 
growth for the first 4 or 5 years, and planting 
with 2-year-3 transplants is therefore better 
than using 2-year-2 plants. Afterwards, how- 
ever, they grow rapidly, and if mixed with 
Spruce will usually catch this up and shoot 
ahead between 15 and 20 years of age. As a 
woodland crop it is best planted pure in groups 
on good deep soil in a fairly sheltered position, 
in parts having a soil perhaps too stiff for 
Douglas Fir (which is the only other tree likely 
to furnish a larger and more valuable ciop per 
acre). If young plantations are made, the plants 
should be pitted at 4 by 4 ft., and interplanted 
here and there with quick -growing nurses to 
protect them (Robinia, Larch, Pine, and Birch), 
which should be cut out when they have suffi- 
ciently fulfilled this task, even if not yet of 
fairly marketable size. Silver Fir suffers less 
than Scots Pine, Spruce, or Larch from insect 
attacks and fungous diseases. Among insects 
the Bark Louse (Chermes picece), the Pine Weevil 
(Hylobiiis abietis), and the large yellow Wood 
Wasp {Sirex gigas) are the chief pests ; while 
among fungi, Agaricus melleus and Fames anno- 
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sus attack the roots, Trametes pini and Pesta- 
lozzia Hartigii, Phoma pithya, and jEcidium 
elatinum the stem and branches, and Tricho- 
sphcerica parasitica and Lophoderinium nervise- 
quium the leaves. It is a tree that will pro- 
babl}' well repay planting on a much larger 
scale than has yet been done in Britain ; and 
especially in the warmer parts. [j. N.] 

Silver Fir.— Parasitic Fungi. — Leaf 
Cast. — Premature loss of leaves may be a symp- 
tom of frost or smoke damage, but in some cases 
parasitic fungi play a part. In crowded nur- 
series and plantations one often sees numerous 
brown needles hanging loosely from the twigs, 
attached merely by a few fungus filaments. 
The distinguishing of the particular fungus at 
work requires some skill, but the action in caus- 
ing loss of leaves is a drain on the tree. No 
successful treatment is known except to thin out 
diseased trees and to plant hardwoods. 

Witches' Brooms. — These conspicuousbunches 
of erect twigs are frequently seen on Silver Fir. 
The needles are small and last only one year; 
they also become coated with yellow aecidiospores 
of the rust-fungus ^cidium elatinum almost as 
soon as they unfold in spring. These brooms 
should be cut off if sound timber is desired, be- 
cause the branch becomes permeated with fungus 
filaments and a cankered resinous swelling re- 
sults. This fungus has also a teleutospore stage, 
which lives on Chickweeds and Stitchworts 
occurring in the undergrowth round planta- 
tions. 

Stem Eot. — Several fungi belonging to the 
Polypore group effect an entrance through 
wounds in stems and roots, and cause decay 
(see Timber-destroying Fungi). [w. g. s.] 

Silver Moth. See Plusia gamma. 

Silver Weed. See art. Potentilla. 

Simulidse, a family of flies popularly called 
Sandflies, Brulots, Turkey and Chicken gnats. 




SimulidiB— Sandflies 



1, Larva; 2, pupa— both magnified. 3, Male; 4, female 
—both magnified. 6, Insect, natural size. 



The females torment cattle, birds, and man by 
entering the ears and nostrils and alighting on 
the eyelids; they then bite and suck those parts, 
creating an insufferable irritation. They swarm 
in damp places in spring, summer, and autumn. 
In Hungary, on the banks of the Danube, a 
species named Sirnuliitm columhacschense is so 
great a pest that hundreds of horses and cattle 
are suffocated by the flies getting into their 
windpipe. The Sandflies are equally annoying 



in Africa and South America. In North America 
they also swarm, and do a deal of harm to stock. 
In this country, although they are present, they 
are not very annoying. The eggs are laid upon 
water-plants and rocks, and the curious larvae 
and pupse (figs. 1 and 2, magnified) live there. 
The larvse prefer running water, taking up their 
abode, often in dense masses, near cascades and 
rapids. The pupa (2) lies in a cocoon of various 
shapes with the head and filaments protrud- 
ing. The following are the most troublesome 
species in this country, and they are all one line 
long:— 

a. reptaiis (Linn.). — The male is black ; head 
whitish in front; thorax with gilded tomentum, 
sides white, and an interrupted white band in 
front. Legs dark; wings limpid. Female black 
with ashy tomentum ; sides of thorax silvery, 
and a white spot on each side in front. 

S. maculatum (Meig.). — Deep-black; thorax 
with short hairs, a cinereous tomentum over 
thorax and part of abdomen. Head black, white 
beneath. Legs entirely brown. Halteres dark 
in the male, yellow in the female. 

S. latipes (Meig.) is black, clothed with golden 
hairs ; the legs are reddish ; the fore shanks white. 
Two others occur in Britain {S. ornatum and S. 
nanmn). [j. c] [f. v. t.] 

Sinclair, George (1786-1834), agricul- 
tural writer, was born at Mellerstain, in Ber- 
wickshire. He came from a long line of gar- 
deners, many of whom were noted men in their 
day. "When comparatively young he was ap- 
pointed gardener to the Duke of Bedford at 
Woburn Abbey, and it was here that the great 
work of his life was originated and carried out. 
By instruction from the Duke, and under the 
guidance of that master of science, Sir Humphry 
Davy, Sinclair conducted an extensive series of 
experiments, the results of which were published 
in a costly folio entitled Hortus Gramineus Wo- 
burnensis, or an Account of the results of experi- 
ments in the Produce and Nutritive Qualities of 
different Grasses and other Plants used as the 
Food of the more valuable Domestic Animals; 
London, 1816. A large part of the work is 
taken up in giving a description of the grasses 
and other plants experimented on, and in the 
first edition the illustrations were dried speci- 
mens of the grasses themselves. The results 
of the experiments were useful for purposes of 
comparison; but as they were not actual feeding 
experiments, but analyses of the hot-water ex- 
tract of the different plants, they cannot be 
taken as giving the actual feeding value of the 
pastures. After serving the Duke for seventeen 
years, Sinclair entered into partnership with a 
firm of seedsmen at New Cross, Deptford, where 
he died in his forty-eighth year, in 1834. His 
folio attracted world-wide attention and gained 
him many honours. He was, before his death, 
made a Fellow of both the Linnean Society and 
of the Royal Horticultural Society, as well as 
of other botanical organizations. He published 
and edited a number of other works; but while 
the fame of these has been dimmed, yet the fame 
of the historic Hortus Gramineus still remains 
verdant. [a. m.] 

Sinclair, Sir John (1754-1835), founder 
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and first President of the Board of Agriculture, 
was born at Thurso Castle, in Caithness. Edu- 
cated for the Bar, he early entered the political 
arena and soon forged his way to the front 
rank as a politician. His greatest work was 
the establishing of the Board of Agriculture, of 
which he was twice President (1793-8, 1806-13). 
His interests were not wholly centred at West- 
minster, however, for he did much to improve 
methods of farming not only on his own estates 
but all over Scotland. Worthy of special men- 
tion also is his work as President of the Special 
Committee of the Highland Society for investi- 
gating the comparative merits of the wool of 
different breeds of sheep. He was made a 
baronet in 1786. Sinclair was a voluminous 
writer, and published many works on legal, 
financial, and agricultural subjects; and it was 
through his efibrts that the great Statistical 
Account of Scotland (in 21 vols.) was compiled. 

[a. m.] 

Singling Root Crops. — Certain farm 
root crops, such as turnips, carrots, and man- 
golds, have an excess of seed sown, and then by 
hoe or by hand the plants are reduced till they 
stand suflSciently far apart to permit of their 
maximum growth. All crops require a certain 
space for their full development, and any increase 
or decrease of the plants above or below what 
is required tends to reduce the crop. Turnips, 
swedes, mangold, beet, and cabbages are usually 
singled when the young plants are from 2 to 
3 in. high, and the work is not only better but 
more expeditiously performed if the plants are 
thin but uniform. At the proper stage, one per- 
son can usually single an acre in from thirty to 
fifty hours, much naturally depending on the 
expertness of the workman, the stage in which 
the plants are, the cleanness of the land, the 
class of soil, and the care with which the work 
is done. When singling turnips, &c., the work- 
man uses a light hoe set at right angles to the 
handle, which should be from 5^ to 6 ft. long. 
With such a hoe he strikes out the superfluous 
plants and weeds both by thrusting and draw- 
ing, and thereby not only saves time, but does 
superior work, as he leaves the excess on both 
sides of the driU. Drills have to be varied in 
width according to crop, soil, and climate, but 
with mangolds in 26- to 27-in. drills the plants 
do very well about 12 in. apart. Turnips are 
usually in drills 27 to 28 in. wide, and according 
to variety the plants may be from 12 to 14 in. 
apart. Some crops, such as carrots, do not single 
well with the hoe, and they are in consequence 
generally done by hand. In Scotland, where 
this crop is extensively grown, it is usually sown 
with two rows on each drill, the rows being 
about 5 in. apart. Under such circumstances, 
singling with the hoe is quite impossible. The 
singling is therefore done by hand, the plants 
being left from 3 to 5 in. apart, according to the 
stage at which it is intended that the crop should 
be marketed. When carrots are sown in single 
rows on the flat, and not ridged up as with tur- 
nips or mangolds, they are usually left a little 
closer than where there are double rows on a 
raised drill. [j. s.] 

Siphocoryne caprese (the Small Willow 



Aphis), a very abundant aphis on willows and 
osiers of all kinds. It is found swarming on the 
leaves and even shoots, spoiling the young rods 
by causing distortion. The wingless viviparous 
female is oblong and green, and coarsely punc- 
tured. The winged viviparous female is green, 
with dark-brown head, a band on the prothorax 
and another behind, the rest of the thorax black- 
ish; the abdomen has olive-green bars; the cor- 
nicles longanddeep-olive-green; apex of abdomen 
attenuated; antenna thin and black; legs pale- 
green with brown tibiae and tarsi; the rostrum 
reaches to the second coxae. Little can be done 
for the destruction of this pest in osier beds, but 
on ornamental willows it may be easily destroyed 
by washing the trees with soft soap and quassia. 
Its life-history is unknown. [f. v. t.] 

Siphonophora (Long-Siphon Aphides), a 
large and very important genus of Plantlice or 
Aphididse with a long rostrum, very long anten- 
nae, at least as long as the whole body, seated 
on distinct frontal tubercles. The cornicles are 
always long or very long, and the legs long and 
slender. The males are winged, and the ovi- 
parous females appear to be mainly apterous. 
The males can be told from the winged females 
by having smaller abdomens, longer antennae, 
and larger wings. Many are very harmful to 
crops and flowers. Some of the more important 
are mentioned here. [f. v. t.] 

Siphonophora granaria (the Corn 
Aphis). — This green fly or dolphin is found on 




Siphonophora granaria — Corn Aphis 

1, 2, Male, magnified and natural size. 3, 4, Female, 
magnified and natural size. 6, 6, 7, 8, Flies (magnified 
and natural size) destructive of aphides bj puncturing 
and depositing eggs. 

all cereals and on many wild grasses, and also 
on Polygonum. In some seasons it is most harm- 
ful, and lessens the yield of corn to a very con- 
siderable extent. The injury is twofold: first, 
the plantlice suck away the sap from the blades, 
and later they swarm in the ears and draw out 
the moisture from the developing kernels. When 
on the ears they insert their rostra just at the 
base of the grains. Sometimes they occur in 
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such numbers that the ear becomes one mass of 
lice. Some damage also seems to be done by the 
actual punctures of their beaks. They go on 
doing damage until the grain gets too hard for 
them to puncture. A curious sickly yellow colour 
results in the attacked ears. 

The apterous viviparous female is somewhat 
oval, wholly green or brownish - green, with 
brownish antennas; the cornicles are long and 
shiny, brown in colour ; the eyes are red, the 
legs stout, femora and tibia; ochreous, the latter 
black at the tips, also the tarsi. 

These go on producing living young until well 
into July, when the lice turn into pupa^. As 
the corn hardens, winged viviparous females 
occur and go on until the corn is ripe. The 
winged female is pale-greenish-brown to rusty 
yellow ; the thorax brown with darker areas ; 
the oval abdomen shining-green with four well- 
marked black dots, and there are three large 
black dots on each side. Cornicles long, black, 
thickest at the base ; legs ochreous, with black 
knees and tarsi; the ti'ansparent wings are green 
at the base, and the veins are brown. They 
mainly attack the late wheats. The female lays 
its eggs on various wild grasses, and is thought 
also to live at the roots of winter wheat in the 
wingless stage. All that can be done for this 
pest is to keep down all wild grasses near, as far 
as possible, and to scarify the fields after an 
attack. [r. v. t.] 

Siphonophora pisi (the Pea Aphis), one 
of the commonest field green fly, and frequently 
very harmful to field and garden peas. It 
clusters in thousands on the blossom stalks and 
causes the death of the blossom, and even when 
the peas are in young pod does enormous dam- 
age. These insects also feed on various wild 
Lathyri, and on Spirfea and Capsella. They 
are large green aphides. The only treatment is 
knocking them off on to the ground and de- 
stroying them, or spraying with soft soap and 
quassia, or jarring them off garden peas into 
jars of paraffin and soap. 

Various others do damage, such as the Ger- 
anium Aphis {S. pelargonii) on geraniums, calceo- 
larias, malvas, and chrysanthemums, &c., and, 
both under glass, the Strawberry Aphides (-S'. 
fragarice and S. fragariella). Those that occur 
under glass, as the two latter, may be destroyed 
by fumigation with tobacco. [f. v. t.] 

Siphonophora rosse (the Kose Aphis). 
— This is the commonest of the three rose aphides, 
which are an incessant plague to the rose grower. 
It occurs on the teazle as well as the rose, a 
migration taking place between the two plants. 
They damage the rose by sucking out the sap 
of the shoots, leaves, and unopened blossoms, 
frequently killing the shoots, and at other times 
causing deformed blossoms. This species clusters 
in dense masses, and is specially noticeable from 
May to July, and again in the autumn and on 
into the winter in sheltered places, the interven- 
ing time being spent on the teazle. This aphis 
varies in colour, some being green, a few dirty- 
red or ferruginous. It is quite possible that 
these two forms are distinct but closely allied 
species. The apterous female is normally green, 
but may be ferruginous-red, smooth, with long 



cornicles, somewhat curved, expanded at the 
base and black at the tips; legs long, yellowish- 
green, with black knees and tarsi; eyes red. The 
pupal stage has brown wing-buds, and is often 
ferruginous on the dorsum, with four spots on 
each side. The winged females arising from 
these have the head and thorax blackish ; eyes 
red ; cornicles black and shiny. Legs yellow, 
with black knees and tarsi. The oviparous 
female is long, oval, and reddish. The male is 
winged and very rare. 

The eggs are laid at the base of the leaf-buds, 
and are glued oato the twigs; each female may 
lay as many as five ova, which occur in winter. 
At the same time, living viviparous females may 
go on producing young in warm spells of weather, 
especially on roses against walls. This species 
is found on wUd as well as cultivated roses. 

Two other species of Siphonophora occur on 
the rose. One is <S. dirhoda, which migrates 
to grasses and wheat, and is found on young 
rose shoots. This is a yellowish -green aphis. 
The other is S. rosanim, which can be told at 
once by being hairy in the apterous viviparous 
female. 

TreatmeiU of rose aphides is simply spraying 
with soft soap and quassia or nicotine. Paraffin 
emulsion should never be used, as the caustic 
effects of the paraffin are often as harmful as 
the aphis. [f. v. t.] 

Sirex gigas (the Giant Wood Wasp). — 
This large hymenopteron reaches over 1 in. in 




Giant Wood Wasp (Sirex jfi'sras)— Female 

length in the female, often li in., rather less in 
the male; the head is black, with a large yellow 
spot behind the eyes; the abdomen in the male 
is reddish-yellow, with the first and last segments 
black, in the female the second and third posterior 
segments are yellow, the rest deep-black; the 
legs are black, with yellow knees. The abdomen 
in the female ends in a strong blunt point, and 
beneath it is an ovipositor which is long and 
dark, lying in a yellowish sheath. The antennfe 
are yellow in both sexes, in the female a little 
more than half the length of the body, in the 
male nearly as long as the body. The four large 
membranous wings have a brownish tinge. The 
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adults appear in the summer. The female lays 
her eggs in various kinds of Pines, Scots Fir, 
Silver Fir, and Spruce. 

The damage is done by the larvte tunnelling 
into the wood, where they feed. A hole is bored 
by the female into the bark, and then the eggs 
are deposited. The larvoe are soft and yellowish- 
white, cylindrical, with a brown head armed 
with very strong jaws; there are three pairs of 
very minute feet, and a blunt process at the tail 
end; the skin is much wrinkled. The galleries 
formed by the larva; reach a considerable length, 
and become blocked up with a compact core of 
wood chips. They take some time to grow, usu- 
ally not maturing until the summer of the third 
year, when they construct a pupal chamber at 
the end of the tunnel, lining it with a glazy sub- 
stance. When the fly is ready to escape, it does 
so by eating out a fair-sized circular flight hole, 
which may reach nearly ^ in. across. 

There seems to be considerable variation in 
the length of larval life, as one frequently finds 
them escaping from prepared wood, such as im- 
ported window frames, boxes, &c. Large num- 
bers frequently occur in the same tree, and the 
wood is consequently ruined. 

Prevention and Remedies. — All attacked timber 
should be felled and burned in winter, especial 
care being taken to split and burn the affected 
parts. It is said that all high stumps and broken 
wood should be destroyed, and that felled coni- 
ferous wood should be removed as soon as pos- 
sible, [r. v. T.] 

Sirex juvencus (the Steel-blue "Wood 
Wasp). — This species is equally common in this 




Wood Wasp in tlie act of Boring, exposed by splitting 
the wood. (Fi-om Schlich.) 



country; it is somewhat smaller than the preced- 
ing, seldom reaching more than 1 in. long in the 
female. The thorax and abdomen are steel-blue, 
the male having the fourth to seventh segments 
yellowLsh-red, whilst in the female the steel-blue 
abdomen is very iridescent, sometimes with a 
violet or coppery tinge. The wings are yellow- 
ish with a brown margin. The mature insect 
appears in July and bores its ovipositor into 
the Scots Pines down to the sapwood, laying a 
single egg in each hole. The white larvae at 
first live on the softer layers of the sapwood, 
but later bore deep into the trees. The life- 
history is very much the same as the preceding. 
Like S. gigas it does not confine its workings to 
any particular conifer, but may occur in Larch, 
Spruce, Cedar, and others. [r. v. t.] 

Sisymbrium (Hedge Mustard and Garlic 
Mustard) is the botanical name for a genus of 
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Cruciferous plants which produces seeds with 
a biting taste like the true Mustards; unlike 
the true Mustards, however, the seeds are flat, 
oblong or egg-shaped, and not globular. 

Hedge Mustard {Sisymbrium officinale) is a 
yellow-flowered annual species, 1 to 2 ft. high, 
easily recognized by the minute flowers y'u in. 
in diameter, and by the downy pods (siliqua) 
pressed close against the stem, shaped like a 
club h in. long, with a minute hollow disk- 
shaped stigma at the narrow apex. This plant 
is common on ordinary land, by roadsides, and 
in waste places. It reaches the flowering stage 
in June and July. Hoeing and cutting to pre- 
vent seeding are necessary and effectual. 

Garlic Mustard {Sisymbriuvi AUiaria or Al- 
liaria officinalis) is a white-flowered annual or 
biennial milk-tainting species, 2 to 4 ft. high, 
flowering before Hedge Mustard in May and 
June. It affects heavy land, chiefly hedgebanks. 
The plant is readily recognized by the glossy 
heart - shaped and toothed leaf -blades of the 
ground leaves, 3 to 4 in. in diameter ; when 
bruised, these blades emit a strong garlic odour. 
Cows readily browse Garlic Mustard, and the 
milk then acquires a strong taste of Garlic. 
Hence this plant should be cut down whenever 
it is noticed ; if this is done, extermination 
follows as matter of course. [a. n. m'a.] 

Sitones crinitus, Herbst (the Spotted Pea- 
weevil; see accompanying fig.), is covered with 
grey and rosy scales and short hairs, but when 
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Sitones crinitus; 1, iiat. size, 2, magnified. Sitones lineatus; 
3, nat. size, 4, magnified. 5, Leaf notched by Sitones. 



they are worn off the surface becomes black and 
shining; the head is rather broad, the face elon- 
gated and concave, with a line down the middle, 
and the mouth and jaws at the extremity ; the 
ej'es are black and prominent ; the two an- 
tennje are slender, angulated, twelve -jointed, 
and clubbed ; the thorax is oval and convex ; 
scutel minute; elytra much broader, elliptical, 
with twenty punctured lines, with two ample 
wings beneath ; legs rust-coloured ; feet longish, 
four-jointed, and furnished with two claws. 

This is one of the weevils which attacks the 
peas soon after they appear above-ground, in 
the early spring, and causes such dej^redations 
in March and April that crops are frequently 
worthless, if not altogether destroyed. [It is 
somewhat local, but generally distiibutecl. It 
is particularly prevalent in the London district 
and on the South coast. It is especially partial 
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to tares. The next species is the chief pea and 
bean pest. — F. v. T.] 

Sitones lineatus, Linn, (the Striped Pea- 
weevil) (fig. 3 sliows natural size of large female; 
4, one magnified). Being much more abundant, 
this is a more formidable enemy in the pea field 
than the foregoing species. In form it is similar 
to S. crinitus, but it is covered with scales of 
a clay-ochre colour, often tinted with copper 
or green. As the weevils grow old these scales 
wear otf, and their backs are then black and 
shining. The eyes are black and prominent ; 
the antennas slender, of a tawny colour, brownish 
at the extremity ; thorax deeply punctured with 
three pale lines down the back ; wing cases with 
twenty punctured furrows ; two ample wings 
beneath ; they have six short strong legs, of 
a tawny or rust colour. 

The weevils come forth with the warm and 
sunny days of March, having hibernated in all 
manner of places ; and in April their ravages 
are daily, often hourly apparent, clearing off, 
foot after foot, the finest plants from 2 to 4 in. 
high, repeated sowings sutifering the same fate; 
and when the peas, and the beans also, are more 
advanced, they notch the leaves, as shown in 
illustration (fig. .5). They prefer the white to 
the grey peas. They feed all day, but are only 
found on still dry days. On dull, cold, and 
windy days they shelter under clods of earth, 
stones, &c. If approached with great caution, 
they may be seen feasting upon the tender buds 
and edges of the leaves ; on the slightest alarm, 
however, down they fall and lie as if dead 
amongst the clods, which are so nearly of their 
own colour that to detect them is very difficult, 
until they stretch out their legs to recover their 
feet. They usually fall on their backs and feign 
death. 

Their ravages seem to be confined to what are 
termed papilionaceous plants ; for the weevils 
commence with the peas, then they attack the 
beans, and finally resort to the lucerne and 
young clover crops, where they congregate in 
myriads, notching and riddling the leaves until 
the approach of winter ; and they are often 
abundant on the furze and broom. 

The beetles lay their eggs either upon or just 
under the soil close to the roots of their food 
plants. The eggs hatch into small white foot- 
less maggots which feed upon the roots of peas, 
beans, clover, and lucerne, also sainfoin. The 
larvie when full-grown measure about j in. in 
length, and then pupate in an earthen cell. 
The adults also hibernate in numbers in barley 
stacks and in stubble, but chiefly in hedgerows 
and amongst rubbish. It is these hibernators 
that attack the early peas and beans and de- 
posit their eggs near their roots. From these 
eggs larvie appear which mature by the end 
of May and in June, and they give rise to the 
summer brood of beetles. A large number of 
these lay eggs upon the roots of clovers and 
lucerne, upon which they live all the winter. 
These winter larvte often do much harm to 
clover, and may give rise to beetles in March 
or not until May or June. Thus this beetle 
winters in two ways. The maggots bore chan- 
nels along the main roots, and are also said to 



feed upon the nodular growths found on the 
roots of leguminous plants. 

Two other species are often harmful, namely 
Sitones hispidulus, Fab., which is common on 
clover in sandy districts, a black weevil covered 
with fuscous-brown scales, the eyes flat and not 
prominent as in S. crinitzis. Sitones humeralis, 
Steph., is also abundant in the south of Eng- 
land on trefoils. It is like the preceding, but 
has a pale patch on each side of the wing cases. 

Prevention and Remedies. — In field cultivation 
the only things that can be done are first to 
prepare a fine tilth, and secondly to roll the 
young plant with a light wooden roller, fol- 
lowed by a good dressing of soot. In the gar- 
den, rows of attacked peas may with advantage 
be covered with fine earth such as is discarded 
from hothouses, or with sand. Spraying the 
rows with arsenical washes has also been found 
to be beneficial. Great numbers of beetles are 
often noticed in the carts when barley is har- 
vested and when it is being threshed ; these 
should be collected and destroyed. Infested 
clover leys should be deeply ploughed with a 
skim coulter on the plough and well pressed. 
Summer fallowing of land after an attack is 
desirable. [j. c] [f. v. T.] 

Sitotroga (Scardia) graneiia (the 
Grain Moth). — This small moth, one of the 
Tineinse, is often harmful to stored cereals in 
Europe and America. In this country it at- 
tacks stored grain, but it is also said to attack 
grain in the field. The damage is done by 
the small caterpillar, which goes from grain to 
grain, and these it spins together with its silken 
webbing. It is said as many as twenty or thirty 
grains are ruined by one caterpillar, but much 
more is really harmed, as they move all over 
the grain when nearing maturity and cover 
masses with their silk. The moth is a little 
less than \ in. in wing expanse ; the fore wings 
are creamy-white, and have deep -rich -brown 
spots, six on the costa, and on the inner margin 
a brown oblong spot. When at rest the wings 
close like a roof over the body, with the fringe 
curved upwards. Besides corn they are said to 
attack timber, books, woollen stuff, &c. Stain- 
ton records the moth in September and Octo- 
ber ; it also occurs in April and May. In warm 
granaries it has been found all the winter. 

Prevention and treatment consists first of all 
in thoroughly cleansing the granaries by sweep- 
ing out all refuse, not only on the floor, but on 
walls, roof, &c. 

In dark granaries the moth may be killed in 
enormous numbers by placing a bright light in 
them in May, or again in September or October. 
The moths fly to the light and are burnt. Other 
plans adopted are kiln-drying the affected grain 
at about 89" F., and fumigating with disulphide 
of carbon as for grain weevils. The main thing 
is cleanliness. [f. v. t.I 

Skim IVIilk.— The term 'skim milk' is ap- 
plied to milk from which the bulk of the cream 
has been removed; so that skim milk differs 
from whole milk practically only in the per- 
centage of fat. Skim milk is the by-product in 
the preparation of market cream or in butter- 
making where only the cream is churned. Two 
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distinct methods of removing the cream are prac- 
tised: (1) by taking the milk warm from the 
cow and setting it in pans, allowing the fat 
globules to rise to the surface under the action 
of gravity; (2) by subjecting the milk to centri- 
fugal force in the cream separator. The skim 
milk obtained by the gravity method is termed 
'skimmed milk', and that obtained by the cen- 
trifugal method ' separated milk '. The distinc- 
tion is chiefly one of degree. In skimmed milk, 
wide variations are found in the percentage of fat, 
which may vary from '4 to over 2 per cent, ac- 
cording to the temperature and other conditions 
under which the milk is set, the size of the fat 
globules in the milk, and the care or skill in the 
removal of the cream. Much lower percentages 
are found in separated milk : with modern ma- 
chines there need not be more than '1 per cent, 
and the limits 05 to '3 per cent are very rarely 
overstepped. By the gravity method the milk 
stands for twenty-four hours or longer, and the 
solids not fat become partially changed by the 
action of micro-organisms. In the centrifugal 
method the milk is separated in a perfectly 
fresh condition, so that the solids in the sepa- 
rated milk aie practically unchanged. By the 
centrifugal method many of the germs and filth 
particles are driven against the wall of the sepa- 
rator bowl and removed in the separator slime, 
but in the gravity method most of the solid 
impui'ities lemain in the skim milk. 

By removal of most of the fat, the percentages 
of the other solid constituents in milk are 
slightly raised in amount. The following may 
be given as the average composition of skim 
milk and separated milk respectively : — 

Skim Separated 

Milk. Milk. 

"STater ... ... 89"S.5 percent 90'4.5 per cent 

Fat ... ... 075 ,, 010 ,, 

Albuminoid matter 4'03 ,, 3'9 „ 

Milk sugar ... 4-60 ,, 4-8 

Ash 077 ,, 0-75 „ 

The specific gravity at 15° C. of skim milk is 
1'034, and of separated milk 1'035. 

Skim milk contains all the nutritive qualities 
of the milk except the fat ; an average of 9'5 
per cent of dry matter, practically the whole of 
which is digestible. The Board of Agriculture 
in 1901 made a regulation to the efl'ect that 
'where a sample of skimmed or separated milk 
other than condensed milk contains less than 
9 per cent of milk solids it shall be presumed 
for the purposes of the Sale of Food and Drugs 
Act, until the contrary is proved, that the milk 
is not genuine'. On account of its high nutri- 
tive qualities skim milk is a valuable foodstuff 
either for human consumption or for animals. 

The market value varies very widely. Being 
a dilute and heavy commodity, the cost of trans- 
port to any distance is comparatively great, and 
the best returns are obtained where it can be 
retailed locally. Skim milk is used also in the 
manufacture of margarine, but the manufac- 
turers prefer to purchase the whole milk and se- 
parate the cream for themselves. Casein of milk 
in the dried or in other forms is used very exten- 
sively in the arts and manufactures, and is most 



readily and cheaply obtained from fresh sepa- 
rated milk. Condensed skim milk is also pre- 
pared and put on the market on an extensive 
scale, large quantities being imported into this 
country annually. Skim or separated milk sup- 
plemented with suitable meals is a capital diet 
for calves after a few weeks old, and for grow- 
ing and fattening pigs. There is a popular 
favour for skim milk as against separated milk 
for this purpose, on account of its higher contents 
in solids. But the separated milk is the sweeter 
and more wholesome article, having undergone 
less fermentation in its preparation. [w. St.] 

Skim-milk Cheese, as its name implies, 
is cheese made with milk from which the fat 
has previously been abstracted. The product, 
though poor in fat and lacking that mellow 
flavour and meatiness characteristic of cheese 
made from whole milk, is nevertheless, when pro- 
perly made, a wholesome and nutritious article 
of diet. In many parts of America the making 
of skim-milk cheese is largely practised, espe- 
cially among cottagers, where it is known by 
the names of Dutch cheese, cottage cheese, or 
Schmierkase. The American method is as fol- 
lows : the milk is allowed to sour, but if desired 
this can be hastened by keeping at a tempera- 
ture of about 80" F. until coagulated. It must 
not be allowed to stand too long, or the curd 
will become soft and mushy in consistency and 
sour in flavour. After coagulation, gradually 
raise the temperature and stir the curd, thus 
breaking it into small pieces, so that the mois- 
ture is more easily and rapidly expelled. The 
temperature should be raised to 120° F., while 
the stirring is continued until the curd is suffi- 
ciently firm, after which it is allowed to settle. 
The whey is then run off', and the curd placed 
in a cloth strainer, which may be suspended, so 
that the excess of whe}' is allowed to drain from 
the curd. This may be assisted by occasional 
stirring. When sufiiciently dry the curd is 
salted, and put up in various forms for the 
market. Cheeses so made are acid in character. 

In this country the process of manufacture 
resembles vei-y closely that of the Scotch Ched- 
dar. There are, however, several important and 
essential points of difference, which must be 
carefully studied in order to obtain cheese of 
good quality. The quality of skim-milk cheese 
depends largely on the amount of moisture re- 
tained. There should be about 75 per cent in 
the curd, and this produces a smooth cheese of 
good texture. Above this amount it is apt to 
be soft and sticky, while with less moisture it 
is harsh, dry, and gritty. 

In making, allow the milk to stand at a tem- 
perature of from 80° to 85° F. until sufficient 
acid has developed, then add enough lennet to 
coagulate in from twenty-five to thirty minutes. 
When firm enough to cut, use the perpendicular 
and horizontal knives as in the Cheddar, but do 
not cut so fine, the object being to retain a large 
amount of moisture. For the same reason, also, 
lower- the temperature of the scald, which should 
not exceed 90° F. 

The amount of acidity in the curd at the time 
of drawing the whey is also an important point, 
and like spring-made cheese, considerably less 
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should be allowed than with ordinary summer- 
made Cheddars. This may increase the length 
of time required to mature before milling, but 
the extra moisture retained very materially as- 
sists the ripening process. Do not remove the 
curd when the whey has been drawn, but pile 
it up on each side of the vat, to begin with. 
Afterwards tie it into a cloth and allow it to lie 
until ready for milling. After milling, leave it 
to mature well before salting, in order to obviate 
its tendency to openness and toughness. Mix 
salt uniformly and stir until fully dissolved. 
As the curd contains little or no fat, less salt 
will be required. Instead of from 2 to Sj lb. 
salt to 100 lb. curd, as in the Cheddar, use from 
1 to IJ per 100 lb. After adding salt, keep up 
the temperature at 80° F. until placed in the 
hoops. If too cold, more especially in the ab- 
sence of fat, it is difficult to get the particles to 
adhere. When put into press, allow pressure to 
be light for the first few hours, and gradually 
increase. This gives a better separation of the 
surplus moisture. The temperature of the cur- 
ing room should be higher than for whole-milk 
cheese, and should range from 65° to 75° F. 

[d. k. r.] 
Skin Diseases. — A number of eruptive 
skin diseases which are called exanthemata, 
blossom out from specific constitutional mala- 
dies such as smallpox, cow pox, foot-and-mouth 
disease, or from local irritations, or, as in urti- 
caria, from quite evanescent disturbances of the 
digestion or circulation. Of the primary exan- 
thema we find examples on the nude skin of 
the dog and cat, and with more difficulty upon 
larger animals ; the marks being due either to 
anomalous conditions of the bloodvessels, or to 
white, yellow, brown, or black pigmentation. 
A simple redness either in circumscribed ai'eas 
or generally over the hairless skin, as when 
a dog is picked up out of the snow, is known 
as erythema, and may quickly pass or result 
later in some vesicular eruption which would 
be called eczema. Recognition of patches of 
discoloration and their significance is of gr'eater 
importance than the student, impatient of scien- 
tific verbiage, is at first willing to concede; as, 
for instance, the htemorrhagic patches under the 
skin may be diagnostic of that frequently fatal 
disease purpura htemorihagica, or of sympto- 
matic anthrax (see Black Quarter). Petechial 
spots or ecchymoses (diffuse hiemorrhagic) are 
symptoms of blood diseases, as scarlatina, and 
must be distinguished from pigmentation, so 
frequently seen in the dog, and for some unex- 
plained reason most commonly in dogs with 
any blueness in their coats. Nodules or papules 
are elevations of the skin of varying size and 
propinquity, and are due either to local inflam- 
mation and new tissue formation, or to retained 
secretions. Common examples are found under 
the collar and harness of horses where the sweat 
glands are interfered with by pressure, while 
inflamed by retained salts and debris; finally, 
the papule or nodule, which might be called a 
pimple but for the confusion in the lay mind, is 
distinguished from the vesicle by containing no 
free fluid. The so-called blind boils which never 
come to a head, and, if not worried, slowly dis- 



appear, are true pimples or papules. The vesicle 
is a blister in miniature, or, putting it the other 
way about, a blister is a large vesicle. It may 
be of any size, and has some sort of relation to 
the size of the species of animal. The vesicles 
of simple eczema will be very much larger on 
the thighs of the ox than on those of the little 
dog or cat. They are, however, constituted 
alike. The pustule is an accumulation of pus 
under the epithelium in like manner to that of 
a vesicle, but caused by suppurative infection. 
It may be first observed as a pustule, or have 
passed through the vesicular stage, as in the 
various forms of variola (see Pustulation). 
The specific eruptions, like cow pox, have certain 
well-defined periods, beginning with an elevation 
of the skin and then constituting papules, next 
vesicles, then pustules, and finally undergoing 
resolution and desquamation of the cuticular 
covering. The presence of any skin elevations, 
when infectious diseases are rife, will call for 
special observation on the part of the stock- 
owner, who will be in a fair way to diagnosis 
if he keeps in mind the distinctions we have 
above attempted. If the papulations come to 
nothing after the lapse of a given time, he will 
know that he has not dealt with cow pox, or 
that terrible malady in the fold, sheep pox. 
Nettle rash or blotch (see Nettle Rash) differs 
from those distensions already mentioned, in 
being a simple serous exudation under the 
surface layers ; and its rapid absorption and 
disappearance distinguish it from the papule, 
the vesicle, and the pustule. 

Eczema under its more common forms has 
been described (see Eczema), but the bran-and- 
scale eruption sometimes called 'hunger mange' 
may here be considered. Although dirt and 
poverty, and that absence of fat under the skin 
that denotes health and is recognized as 'bloom' 
by horsemen, are associated with it so much as 
to give the name of hunger mange, it is not 
confined to the poor and ill-kempt. There is a 
persistent accumulation of scales, having some- 
thing of the appearance of bran, but more trans- 
parent and lighter in colour and weight, with 
the skin underneath discoloured, hardened, and 
thickened, but with no more than a slight 
irritability, as evinced by occasional rubbing. 
Around the eyes, inside the ears, upon the neck, 
shoulders, the elbows, and root of tail, and in 
the bends of the knee and pastern joints it is 
most observed, and frequently associated with 
that form of eczema known as mallenders and 
sallenders (which see). The disposition is to 
become chronic, but natural healing or recovery 
takes place sometimes in altered circumstances 
of life. Pityriasis, or branlike excess of cuticle 
or scurf, is not necessarily associated with the 
disease above described, but seems only like the 
excessive dandrulf of human subjects. Treat- 
ment is either palliative, by supplying unctuous 
materials, as lanoline, and washing with alka- 
line soaps, which for a time clean the surface 
by lifting the partly desquamated cuticle ; or 
provocative, by which we mean stimulated into 
an acute form, after which repair takes place in 
some but not all cases. Creolin and tar have 
this effect, as do chrysarobin and ichthyol oiut- 
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ment. The loss of hair from the tail, commonly 
called rat-tail, is attributed to a disease of the 
skin known as chronic impetiginous eczema, and 
peculiar to the long-haired parts, including 
therefore the mane. It is frequent in eastern 
Europe, where superstitious objections are held 
to proper hygiene. Too much grooming and 
irritation from mane comb and dandy brush, 
and frequent washings with soft soap, are also 
said to give rise to this skin trouble which 
ends in the loss of hair. The writer is inclined 
to think there is some other reason for lat-tail, 
as no history of disease attaches to the manj' 
atfected tails we meet. It may have some 
association with temperament. Certainly it 
occurs in horses with no disposition to rub; and 
those which do so have usually thick bushy 
tails, merely made ugly by the 
habit, not bald. The coal-tar pre- \ 

parations are recommended as 
allaying the irritation. A 3-per- 
cent carbolic lotion, with a like 
proportion of glycerine in water, 
has been found comforting to 
itchy subjects. The skin diseases 
affecting the flexures will be 
found under Mallenders. The 
multiplication of epithelial scales 
into pyramidal and other forms 
might be considered here, but 
will be more conveniently treated 
under the heading of Waets. 
Alopecia, or the falling-out of 
hair without any apparent disease 
of the skin, occurs to animals as 
to men, and the explanation is 
yet to seek. Bloody sweat is men- 
tioned in some veterinary works, 
but the blood does not come 
through the secretion of the sweat 
glands, and it is therefore a mis- 
nomer. Some skin bleedings are 
due to parasites {Filaria hcemorrhagica), some to 
septicEemia, anthrax, and acute exanthema. Blood 
spots in single drops upon the neck, breast, and 
shoulders suddenly appear. Ergot, sugar of 
lead, and tannic acid internally are advised, and 
antiseptic and soothing lotions to the skin. A 
suppurative inflammation of the skin follicles 
will be found under Acne. The ringworms 
caused by vegetable parasites are described 
under Ringworm, and suitable treatment ad- 
vocated. There is a contagious form of acne 
called horse pox, with the prefix Canadian, as 
it was first observed in England on horses im- 
ported from the Dominion. The filaria and the 
contagious acne, ringworm of different kinds, 
mange in horses, cattle, and sheep (scab), need 
not be considered here, as they are fully dealt 
with under their respective headings as infec- 
tious parasitic diseases. A gangrenous derma- 
titis, or local death of skin, is due to the action 
of external irritants. Solar heat and hot dry 
winds cause gangrene of the skin of white ani- 
mals unprotected by saddlery or other coverings. 
Pigmentation affords resistance to other irri- 
tants besides the thermal red rays, and white or 
light-coloured horses should not be chosen for 
countries within the tropical belt. [h. l.] 



Skye Terrier. — Of late years the popu- 
larity of this ancient Caledonian breed of terrier 
has rather diminished, owing to the support that 
has been accorded to the Dandle Dinmont and 
the Hard -haired Scottish Terrier. The fact, 
too, that the exhibitors of Skyes have unwisely 
encouraged a type of dog that is practically 
unfitted for vermin hunting and have neglected 
the working type, has no doubt caused the 
variety to be regarded more as a lapdog than 
as a real terrier, which is much to be regretted, 
as the true Skye is a plucky, useful little dog. 
The great difference between the two types is 
the coat, which in the case of show specimens 
is cultivated to an extent that renders it as 
profuse as that of a Yorkshire Terrier, and 
causes the dog to be quite unfitted for work 
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skye Tenier 

underground or above it. On the other hand, 
the jacket of the working type of Skye is 
short and hard. Consequently it is capable of 
keeping its owner's skin protected from the 
effects of cold and damp, instead of acting as 
a sponge for the accumulation of moisture and 
impeding the dog's movements as the long one 
does. The skull of the Skye Terrier is of good 
length, a peculiarity of it being that it is 
broader in front than it is at the back ; the 
jaws are powerful, the teeth large and regular, 
and the eyes dark and not too large. Two 
shapes of ear are found in the breed, namely, 
the drop, which lie flat to the sides of the 
head, and the prick, which stand up erect and 
are adorned by a liberal patch of hair. The 
neck is of a nice length, the body extremely 
long, and the legs verj' shoit, the front ones 
being straight; while the tail, which is never 
cut, should be carried rather low. The coat, if 
a long one, should be profuse all over the head 
and body and quite free from curl, whilst that 
of the working type is much shorter and very 
close and dense. Steel-grey is the most favoured 
colour for show purposes, but some very good 
fawns have been exhibited. The average weight 
is about 18 to 20 lb. [v. s.] 
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Skylark. See Lark. 

SlatCi a highly compressed and fissile form 
of clay rock. Shale may pass into slate through 
the pressure exerted by strata piled upon it. 
But in most slates the characteristic parting 
takes place along planes that have no connec- 
tion with those of bedding, and the latter may 
even become completely obscured. The particles 
of a clay are mostly of a minutely platy form, 
and are so small that they lie liglitly against 
one another in all manner of positions, much as 
they fell during the deposition of the rock as 
a sediment. But, when pressure is brought to 
bear upon the mass in the interior of the earth, 
the particles become squeezed together, the 
interstitial spaces are reduced or done away 
with, and the tiny platy forms become turned 
round until they come to rest with their broader 
surfaces perpendicular to the direction along 
which the compressing forces act. Any new 
minerals, moreover, such as mica, which develop 
during this process, tend to grow most easily in 
directions perpendicular to that from which the 
pressure comes; and the rock finally receives a 
new structure, a cleavage, along which it splits 
with more or less regularity. Fine - grained 
clays may thus pass into excellent hard slates, 
like those of North Wales. Fossils become 
obliterated, and the only traces of the original 
bedding may be the colour-bands crossing the 
cleavage, which are known to quarrymen as 
stripe. Well-cleaved slates are of special value 
for roofing, owing to the possibility of employ- 
ing lighter timbering than is required to carry 
the coarser types of tiles. Slates containing 
iron pyrites are to be avoided, since the decay 
of the mineral may leave a hole right through 
the slate. Some well-bedded limestones split 
into layers which can be used for roofing, and 
ai'e locally known as slates. The Cotswold 
villages are largely roofed with picturesque but 
heavy material of this kind. 

The soil on slates is similar to that on shales, 
though the material disintegrates more slowly, 
and yields numerous sharply edged flakes in 
the subsoil. Commonly a yellow clay soil re- 
sults, whatever the colour of the originating 
slate below. [a. A. j. c] 

Slaughter-houses. — The importance of 
properly conducted slaughter - houses is now 
happily recognized by local authorities, but 
there are still in the country many very un- 
satisfactory buildings in which the business is 
conducted. The public abattoir has practically 
done away with the need of private slaughter- 
houses in our great centres of population; and 
those who have seeu them must agree that the 
planning and arrangements are excellent, and 
the charges so moderate as to compare advan- 
tageously with the rent or maintenance of any 
ordinary private house for killing animals. For 
those who would erect or must maintain slaugh- 
ter-houses there are a few essentials which may 
here be mentioned. The floor should be hard 
and unabsorbent, highest in the middle, with 
open gutters. A metal ring fixed in the floor 
at the time of laying it, is preferable to one in 
the wall, for pulling down beasts, and a catch 
pit for blood may be inside or outside of the 



killing chamber. If it runs thi'ough a 6-in. 
drain pipe into a 5-gallon bucket placed in the 
pit or well, it can be better dealt with than if 
free in the well itself. The walls should be of 
glazed brick for 5 or 6 ft. from the ground, and 
the roof should be 15 ft. or more in height, in 
order to afibrd the headroom so necessaiy to 
haul up a heavy carcass and skin it in the best 
position for the operator. Light should be ad- 
mitted only from the roof, and that from the 
north-east; the building having a south-west 
and north-east aspect, so that direct sunshine 
will not enter. A proper slaughter-house will 
be fitted with overhead trolley, on which the 
carcass is simply run along into the hanging 
shed, which in public abattoirs is on the farther 
side of a paved court wide enough to admit 
horses and carts. A brief description of a model 
public abattoir, such as that provided hy the 
Brighton Corporation, may be worth while. 
There are railway sidings looping up the whole 
railway system of the countiy, where the tail- 
boards of the trucks come out on the level, and 
as many as ten can be unloaded at once, and 
the animals driven into pens opposite, and from 
thence into fasting lairs, where they aie allow-ed 
to remain for forty-eight hours before a lairage 
charge is made. After this time a charge of 
6rf. per day is made for a bullock, Zd. for a 
calf, and ^d. for a sheep or lamb. So-called 
private slaughter-houses can be rented by the 
large butchers; and public ones are provided 
where everything but the sticking and skinning 
knife is lent at the low charge of Is. for a beast, 
Gd. for a calf, and id. for sheep or lamb. This 
building is 54 ft. by 18 ft., with eight bays; the 
crotches for sheep are zinc-lined, and therefore 
easily cleaned. Separate buildings exist for 
swine, with comfortable pens. ' Pig keeping ' 
is discouraged, but a sensible consideration is 
shown for owners who are not forced to glut a 
full market, and enjoy much the same privileges 
as they would in their own private slaughter- 
houses. At Islington and Deptford, cold stor- 
age has been added ; and this, we think, should 
be provided in every public abattoir. In the 
killing-house, sticking-down places are made in 
the floor, and on a slope, so that the blood runs 
into a bucket in the same way as described in 
connection with cattle and sheep, and the car- 
cass is run along on rails to scalding tanks heated 
by steam, and a regulated heat is alforded, so 
that fine-haired breeds can be submitted to a tem- 
perature of 165° F., or thick coarse-haired ones 
to 175° F. or 180° F.— a great advantage over the 
uncertain copper of the cottager. From thence 
the finished carcass is run on rails to the hang- 
ing room, where a couple of hundred make no 
great show. A tripe house w-ith spare boilers 
is also provided, and the users pay less than 
fuel would cost them at home. There is also a 
hide house, where numbered hooks prevent con- 
fusion. The large and small intestines are sold 
with the oesophagus, and a farmer contracts 
for the blood and contents of the stomach and 
bowels, which are carted away several miles and 
utilized as manure. Slaughter is permitted at 
all hours during the week at the Brighton abat- 
toir, and until ten on Sunday mornings. There 
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is every inducement to the honest butcher to 
use the public slaughter-house, and only the 
'crooked' man fears the careful inspection made 
of carcasses before they can be sold for the food 
of man. For the various methods of slaughter, 
the reader is referred to the art. Animals, 
Sladghter of. [h. l.] 

Slinging;. — Many lives have been saved by 
the judicious employment of slings. Veterinary 
surgeons usually keep a set for emergencies, and 
the owners of large studs of horses deem them a 
necessity. In order to raise a horse, the middle 
piece of the sling must be drawn under his shoul- 
ders, lifting them and pulling under a little at a 
time. His great weight cannot be lifted whole, 
but by rolling and lifting at the same time no 
insuperabledifficulty is found. When the breech- 
ing and the breastband can be made fast to the 
loops or buckles, the oveihead attachment can be 
applied and the animal hauled up. Most horses 
struggle to their feet as soon as they find their 
bodies being raised, and there is consequently 
no long dead-pull. The endless chain is of 
great service where numbers are short, as the 
men can rest while it grips, and renew their 
efforts. Improvised slings may be employed 
until more lasting ones can be obtained. Sacks 
nailed on to an old pair of cart shafts, and 
ordinary pulleys and wagon ropes, can be made 
to answer the puipose. Some men succeed 
with a farm cart, diawing it over the prone 
animal and raising the ends of the shafts by 
means of ropes and pulleys from a beam over- 
head, or three poles on the ground d la gipsy 
camp kettle. Every care should be taken, by 
stuffing with grass or other material, to avoid 
' bed ' sores. Cattle do not profit so much by 
slings, on account of their voluminous stomachs 
being pressed. On the other hand, they do not 
so much need them. Horses die if left on the 
ground for a few days. Bullocks may live for 
weeks without rising to their feet. [h. l.] 

Slipcote Cheese. — This variety of cheese 
is made from new milk, and at one time was 
sold by farmers' wives at the door of the cus- 
tomer or in the marketplace on large cabbage 
leaves. The size of a Slipcote cheese is similar 
to that of a dinner plate, while the thickness is 
about I in. It is a simple curd cheese, made 
by renneting the whey at a comparativel}' low 
temperature, turning it from day to day until 
it is actually ripe. Two gallons of milk will 
make a cheese nearly 3 lb. in weight. The milk 
is placed in a wooden vessel and the rennet 
added at 80° to 85° F., the higher temperature 
being adopted in the colder weather, and the 
lower during the warm weather of the summer. 
The quantity of rennet required depends upon 
its strength, for the various makes of rennet 
differ materially in this respect. The curd should 
be brought in about two hours, and removed 
into a shape, which gives both size and form to 
the cheese. This shape may be of tinned iron 
about 2 in. in depth. It is placed upon a large 
straw mat, which, in its turn, is placed upona 
board. When the curd is firm it is not cut in 
the ordinary way, but removed in slices into 
the mould, care being taken to prevent each 
slice breaking. If the temperature of the apart- 



ment in which the work is performed is about 
60° F., the whey will gradually drain from the 
curd, and in a few hours leave it sufficiently 
firm to be turned; in this case a mat is placed 
at the top of the mould with a board behind it, 
although there are some makers who piefei- to 
use a cheese cloth instead of a mat. Turning is 
continued from time to time until the cheese is 
firm enough to be removed from the mould ; it 
is then placed upon a clean mat or cloth laid 
upon a board, and turned occasionally until it 
ripens. It is fit for sale and consumption when 
a change has been effected, rendering the curd 
soluble on the palate, with a delicate and beau- 
tifully developed flavour, although in the ordi- 
nary way the Slipcote is kept before bringing 
to table until it commences to run and the coat 
can be removed. [j. Lo.] 

Slit Planting. See art. Planting. 

Slugs. — The slugs or Limacidae are terres- 
trial animals and feed on all manner of sub- 




1, Common Grey Field Slug (Agriolimax agrestic), a, 
foot: b, mouth; c, breathing pore. 2. Shell of A. agrestis. 
3, Shells of Testacella haliotidce. 4, Tail end of Testaceila 
showing shell. 5, Shield and respiratory pore of Arion. 
6, Shield and respiratory pore of Limax. 7, Shield and 
respiratory pore of Mitax. 8, Eggs of A. agrestis. 



stances. Most prefer a green diet, devouring 
the leaves of plants, but some feed upon dry 
vegetable substances, and others will even eat 
meat. Slugs are true mollusca, but are not 
provided with an external shell. The shell of a 
slug is in the form of a small flat plate buried 
under the skin in the front dorsal region of the 
body. Slugs have a distinct mouth, composed 
of an external fleshy lip and, within, an appa- 
ratus the chief part of which is a ribbon-like 
mass of teeth (the radula), by means of which 
they rasp away the plant tissues. The body of 
a slug is elongated and rounded above, flattened 
below ; the flat portion is called the foot. On 
the back is an oval area, the site where the shell 
is hidden ; near this is seen a hole, the breath- 
ing pore. Besides the radula there are two 
tentacles on the head which are retractile. 
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The skin of slugs contains glands which secrete 
a copious mass of slime ; this slime varies some- 
what in diiferent species. This slime protects 
them, and it can be discharged in quite large 
quantities at least twice in succession, and this 
is done if an irritant is put on their skin. The 
most general and destructive slug in Britain is 
the Common Grey Field Slug (Agriolima.v agres- 
tis). It is most prolific, and occurs alike in 
garden and field. A single slug may lay as 
many as 500 ova during the year. The eggs 
are white and opaque and oval, and are laid in 
batches of from six to fifteen. They hatch in 
from three to four weeks into small slugs like 
the parent, but paler in hue. "When first hatched 
they are no more than ^V ™- ^'^""ig- The eggs 
are laid from May on to November in the soil 
and under stones, tiles, boards, &c., on the soiL 
The adults live through the winter, taking shel- 
ter under stones, pieces of wood, in the soil, &c. 
If the weather becomes warm in winter they 
soon crawl forth and eat what they can. 

Several other slugs occur and are injurious, 
as the Root-eating Slug or Bulb Slug {Milax 
sou-erbii), which comes out only at night. It 
feeds oif the underground parts of plants, and 
often attacks bulbs to a serious extent during 
the day. It pulls leaves into the soil like a 
worm. It will also attack insects, earthworms, 
and smaller slugs. It is keeled along the back. 
Large Black Slugs {Arion aier) often reaching 
4 to 4i in. in length also occur ; this kind is 
chiefly seen along dykes and ditches, but also 
invades gardens and does much harm if it gets 
amongst seedling plants. 

The Yellow or Household Slug {Limax flavus), 
a large species, is often found indoors, in cellars, 
sculleries, &c. It will feed on cream, meat, and 
flour. It has a bluish head and tentacles, and 
the body is often speckled. 

The length of life of slugs is very varied. 
Some, such as the Black Slug, may live for four 
or five years. 

Slugs with a small external shell, known as 
Testacellce, are beneficial to some extent, for 
they feed on underground insects, but at the 
same time destroy the very useful earthworms. 

Treatment is very difficult in the field ; per- 
haps the best that can be found is dusting with 
hot lime on two occasions at a few hours' inter- 
val on a wet day. Vaporite, a patent prepara- 
tion, has been found most fatal to these pests 
if well broadcast and worked into the soil. 

On a small scale in gardens slugs may be 
trapped by placing hollowed tubers or even 
hollowed oranges near the affected plants or 
borders. Slugs may be kept off rows of peas 
and beans by spreading barley awns over them. 
They may also be poisoned by placing here and 
there masses of bran mixed with arsenic in any 
form, such as paris green, or arsenate of lead. 

[f. v. t.] 

Small Holdings. — A small holding is de- 
fined by statute to be 'an agricultural holding 
which exceeds 1 ac, and either does not exceed 
50 ac, or if exceeding 50 ac. is at the date of sale 
or letting of an annual value for the purpose of 
income tax not exceeding £50 '. 

Small holdings have existed in Great Britain 



in considerable numbers from the earliest times. 
Prior to the beginning of the 19th centurj' they 
were undoubtedly more numerous in most parts 
of the country than they are at the present time; 
but various causes, partly legislative and partly 
economic, have been responsible for the absorp- 
tion of a large number of them. The most re- 
cent return of the distribution of agricultural 
land in holdings of various sizes (Cd. 8243 of 
1896) shows that, in 1895, 4,899,415 ac. in Great 
Britain consisted of holdings between 1 and 50 
ac, and that this represented 15 per cent of the 
total quantity of agricultural land. If, however, 
we examine the returns of the number of agri- 
cultural holdings, we find that about two-thirds 
of the total number of holdings are less than 
50 ac. in extent, the actual number of such hold- 
ings in 1908 being 339,913, or 67 per cent of the 
total number of separate occupations of agricul- 
tural land. It must not, however, be assumed 
that there are nearly 340,000 smallholders, in 
the strict sense of the term, in Great Britain. 
The returns are swelled by the inclusion of a 
considerable number of small residential pro- 
perties which have a few acres attached, but 
which are not farmed for profit, and the occu- 
piers of which are not smallholders in the ordi- 
nary acceptation of that term. The returns re- 
ceived by the Board of Agriculture show that, 
in 1907, 94 per cent of the total number of hold- 
ings were ' farmed for business ', and this would 
reduce the number of small holdings proper to 
319,600. Of this number, 88 per cent, or 271 ,248, 
were rented by their occupiers, leaving 48,352 
as the number of peasant proprietors. The 
number of smallholders is further reduced by 
the fact that in some parts of the country it is 
not uncommon for one man to occupy a number 
of different holdings, which are included as sepa- 
rate occupations in the returns. 

The principal cause of the diminution in the 
number of small holdings was the enclosure of 
the commons, which took place on so large a 
scale in the latter half of the 18th and the first 
half of the 19th centuries. Over 7,500,000 ac 
were enclosed between 1760 and 1867, or one- 
third of the total area under cultivation in the 
latter yea.v. While it is no doubt true that the 
enclosure of the commons tended towards im- 
proved methods of agriculture, it was done at 
the cost of the small man, who in most cases 
lost his right of turning out stock on the com- 
mons and of obtaining free fuel and litter. In 
spite of the fact that in the General Enclosure 
Act of 1845 certain safeguards were inserted to 
protect the rights of peasants and the small com- 
moners, we find that, out of 614,804 ac. which 
were enclosed between 1845 and 1869, only 2223 
ac, or one-third per cent, were allotted to the 
labouring poor. As was pointed out by the 
Select Committee on Small Holdings in 1890, 
the compensation received in the form of a small 
freehold could be parted with, and might pass 
out of the smallholding class, whereas ' the con- 
tinuous existence of common rights was a con- 
tinuous stimulus to the creation and mainten- 
ance of small holdings in the neighbourhood'. 
Evidence of the truth of this is afforded by the 
fact that where common rights still exist, as for 
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example in the New Forest, a considerable num- 
ber of small holdings are still to be found. A 
diminution in the number of small holdings, 
especially in the case of those whose occupiers 
were also the owners, was fostered by the boom 
in agriculture which occurred in the 19th cen- 
tury owing to the high prices which were ob- 
tained for agricultural produce during the Con- 
tinental and American wars. The result was 
a considerable appreciation in the value of land, 
and many of the peasant proprietors wei'e tempted 
by prices which gave them an income in excess 
of what they could obtain as cultivators, and 
their holdings were bought by the adjoining 
landlords. In addition, the rage for farming 
on a large scale led many landowners to adopt 
a policy of consolidation of holdings, and the 
higher wages obtainable in the towns attracted 
the pick of the agricultural population to join 
the rural exodus and forsake the country. 

In spite, however, of all these causes, there 
still remain in certain parts of the country a 
considerable number of ancient small holdings 
which have survived till the present day. This 
is notably the case in the Isle of Axholme in 
Lincolnshire, where the land is almost entirely 
held by peasant proprietors. In the parish of 
Epworth, out of 254 holders of land, 226, or 89 
per cent, hold under 50 ac, and most of them 
are freeholders. The success of these small 
holdings is mainly due to the fertility of the 
soil, which is especially suitable for growing 
potatoes, and a large number of the holders 
obtain their whole living from holdings of from 
10 to 20 ac. In this district exceptional facili- 
ties have always existed for small men to ac- 
quire land; there are no large landowners, and 
there has been practically no consolidation of 
holdings. A man without capital can readily 
rent a small plot of land, and after a few years 
he is usually able to save enough to purchase 
a holding. Land sells at from .£60 to £10 an 
acre, and it is estimated that a net profit of 
about .£60 a year can be made on a holding of 
10 ac. There is a strong desire in this district 
for the ownership of the land, and tenancy is 
looked upon as only a stepping-stone towards 
acquiring the freehold. 

In recent years there has been in certain parts 
of the country a natural development of small 
holdings unaided by legislation. These holdings 
have in most cases been a result of the great 
development of fruit growing and market gar- 
dening, which has been adopted in consequence 
of the low prices of corn. The production of 
fruit and vegetables involves closer and more 
intensive cultivation than wheat growing, and 
this fact makes these industries specially suit- 
able to smallholders; while the failure of many 
of the large farmers who adhered to the tradi- 
tional methods of agriculture placed on the mar- 
ket a quantity of land which the owners were 
only too ready to let to small men, who could 
afford to pay at least as much and usually more 
rent than the large farmers had done. Tj'pical 
examples of small holdings which have been so 
established may be found in the Evesham dis- 
trict in Worcestershire, in the neighbourhood 
of Wisbech in Lincolnshire, at Tiptree in Essex, 



at Calstock in Cornwall, and at Blairgowrie in 
Scotland. In the Evesham district more than 
10,000 ac. are held in holdings of from 1 to 8 ac. 
Rents range from £Z to £6 an acre, and as much 
as £10 an acre is paid for good grass orchards. 
The smallholders mostly rent their holdings, 
and under the Evesham custom an outgoing 
tenant obtains from the incoming tenant full 
compensation for all his improvements. Hun- 
dreds of families in this district are obtaining 
their whole living on holdings of 5 or 6 ac, and 
it is said that the various fruit and vegetable 
crops grown will yield from £20 to £50 an acre 
per annum. The success of the holders in this 
district is mainly due to the good soil and the 
early climate, coupled with the facilities for the 
disposal of produce, and the security which the 
Evesham custom gives to the expenditure of 
capital on the land. 

The district round Wisbech was formerly 
almost entirely devoted to wheat growing, but 
there are now nearly 5000 ac. under fruit within 
seven miles of the town. Most of this land is in 
the hands of smallholders, the majority of whom 
own their holdings. Nearly 15,000 tons of fruit 
are dispatched every year from Wisbech station, 
most of which goes to Manchester and the north ; 
and the principal crops grown are apples, plums, 
bush fruit, and asparagus. 

The small holdings at Tiptree, in Essex, which 
number over 200, are mostlj' devoted to seed 
growing, and a man can entirely support him- 
self on 6 ac. About £20 an acre is an average 
return per annum. The success of these hold- 
ings has been largely due to the presence of a 
jam factory, which affords a great deal of work 
in the picking season, over £10,000 a year being 
paid in wages. It is therefore possible for a man 
to start with an allotment of 1 rood, and gradu- 
ally increase his holding till he is in a position 
to give up working for someone else and devote 
all his time to his own holding. 

At Calstock, in Cornwall, there are a number 
of small holdings on which fruit and flowers 
are grown for the London market. Here the 
climate and the sheltered position result in early 
ripening of the fruit, and 5 ac. is sufficient to 
support a family. There are a large number of 
small freeholds, but much of the land is tenanted 
at rents varying from £2 to £5 an acre. The 
average price of the best fruit land is from £80 
to £100 per acre. 

At Blairgowrie, in Perthshire, there are some 
800 ac. under fruit, most of it being in small 
holdings. The climate and soil are specially 
suitable to the growth of raspberries, and from 
3 to 5 tons can be grown on 1 ac. One rasp- 
berry grower is said to have made a total profit 
of £492 from 1 ac. of land in nine years. Although 
the average rent of agricultuial land is not more 
than 30s. an acre, as much as £10 an acre is paid 
for land leased foi' fruit growing. 

It may be asked why it is that, in view of 
these and other instances of successful small 
holdings, the system has not been much more 
widely extended, and what is the need for any 
legislative interference in the matter. It must, 
however, be remembered that the causes which 
have led to the destruction of so many small 
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holdings in the past have no connection with 
the question of their economic success, and that 
■where they have been re-estabHshed in recent 
years it has been mainly on account of the fact 
that in those districts it has been possible to 
acquire small plots of land in the open market. 
The difficulty of obtaining land has been at the 
root of the question, for there is no doubt of 
the existence of the demand, and no reason why 
small holdings should not be successful in many 
districts where they are at present practically 
non-existent. 

In recent years there has been an increasing 
tendency among politicians to take whatever 
measures may be necessary to associate a larger 
number of persons with the cultivation of land, 
and to make it possible for any man with the 
necessary capital and experience to obtain a 
small holding if he desires to do so. By this 
means it is hoped to arrest the rural depopula- 
tion, and to afford a career in this country to 
those members of the agricultural population 
who in the past have too often been driven into 
the towns or emigrated to the Colonies. The 
Small Holdings and Allotments Act, 1908, has 
therefore been passed with the object of facili- 
tating the acquisition of land by County Councils, 
to be sold or let in small holdings at such a price 
or rent as will merely recoup the outlay of the 
Council; and under this Act over 60,000 ac. 
have already been acquired for some 5000 small- 
holders. 

The question whether a large extension of 
small holdings will result in a more economic 
use of the land and in a greater productivity 
of the soil is one of the fiist importance. It is 
a matter on which it is unwise to generalize; 
but a study of the small holdings which have 
survived from the past, and of those which have 
been established in recent years, justifies the 
belief that small holdings not only result in 
more intensive cultivation and larger produc- 
tion, but that they also involve a greater amount 
of labour and the application of a larger amount 
of capital to the land. Further, there is evi- 
dence that where small holdings are common, 
not only is the rural exodus arrested, but an 
actual increase of population takes place. In 
addition, the value of land shows a considerable 
appreciation, and small men can afford to pay 
rents double or treble the amount formerly paid 
by the large farmers. This will have been ap- 
parent by the instances mentioned above; but it 
may be interesting to give an illustration from 
some small holdings recently established on poor 
land, and on which no special form of cultiva- 
tion, such as fruit growing or market gardening, 
is adopted. 

In 1906 a farm of 917 ac. at Burwell, in Cam- 
bridgeshire, which had been for two years farmed 
by the Crown, was cut up into 83 small holdings. 
237 ac. are let in quite small holdings to 71 ten- 
ants, who use their holdings as adjuncts to their 
other occupation; and the remaining 680 ac. are 
let to 12 tenants, all of whom are resident on 
their holdings and obtain their whole living 
from them. The following figures have been 
obtained from these 12 resident tenants. The 
number of horses they owned increased from 



33 in 1906 to 48 in 1909. Cattle increased from 
66 to 206, pigs from 122 to 249, and poultry from 
267 to 637. The amount expended on purchased 
feedingstuffs was £753 in 1908 and £1141 in 
1909, i.777 has been spent on new implements 
and machinery, and the amount paid for hired 
labour increased from £846 in 1908 to £1115 in 
1909. The turnover of the local co-operative 
stores has increased by over £1000 in the last 
two years, 50 new cottages have been built in 
the village, and it is estimated that the popula- 
tion has increased by at least 200 since the last 
census. At the rent audit of the small holdings 
in 1909 every penny of rent due was punctually 
paid, and there were no arrears. 

That there are certain difficulties in the way 
of the successful creation of small holdings will 
be denied by no impartial student of the ques- 
tion. Any attempt to transplant on a large 
scale town dwellers to the countrj', and to ex- 
pect them, without previous experience or care- 
ful training, to make a living in so technical a 
profession as agriculture, would be foredoomed 
to failure, though it is permissible to hope that 
the offer of land in small holdings will succeed 
in bringing back to the land some proportion of 
the rural population who have alreacly drifted 
into the towns. It is certain, however, that a 
judicious extension of small holdings will do 
much to keep in the country a number of men 
who might otherwise be tempted to leave it, by 
offering them a career of independence and a 
prospect of rising above the position of a mei-e 
day labourer. 

It might have been expected, in view of the 
higher rents usually paid by smallholders as 
compared with large farmers, that private land- 
owners would have been more active in cut- 
ting up their farms and dividing them into 
small holdings. In many cases, however, the 
cost of equipment has been a serious difficulty, 
at least so far as small farm holdings are con- 
cerned which are to be used for growing ordi- 
nary agricultural crops, and from which the 
holders will obtain their whole livelihood. It 
is often the case that considerable sums have 
been expended in erecting buildings suitable to 
a large farm, but which would be rendered use- 
less if the farm were divided into small holdings; 
while in addition the cost of erecting new houses 
and buildings for each small holding would re- 
sult in making the rent which would have to be 
charged a prohibitive one. Existing buildings 
can, however, often be adapted and divided for 
two or more smallholders, and experience shows 
that the expense of erecting new equipment is 
often exaggerated. The Commissioners of Woods 
and Forests have found it possible to equip small 
holdings of from 30 to 40 ac. with good houses 
and buildings at a cost which represents an 
additional rent of from 5s. to 6s. an acre, and 
the holdings could have been let many times 
over at such rents to thoroughly suitable ten- 
ants. Moreover, it must be remembered that 
the principal part of the demand for small hold- 
ings at the present time comes from men who 
have already some work, but who have sufficient 
spare time to undertake the cultivation of a few 
acres as an adjunct to their other employment. 
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To such men a small holding often makes just 
the difi'erence between bare subsistence and com- 
parative prosperity; and as they have already 
their houses in the villages, practically no equip- 
ment is required for their holdings. Further, 
in the case of holdings devoted to fruit growing 
or market gardening, no farm buildings are ne- 
cessary,such as would be required for an ordinary 
farm building or one devoted to dairying. 

It is commonly supposed that small holdings 
can only succeed in certain localities where the 
soil is paiticularly good and there are special 
facilities for the profitable marketing of pro- 
duce. But, as a matter of experience, it has been 
found that the conditions which make for success 
are more widespread and various than might at 
first be imagined. It is no doubt true that, on 
certain classes of land, large farming is the more 
economic use of the land; but, even so, that is 
only the case if the large faimer has sufficient 
capital at his command. It is notorious that 
there are many cases where farmers are attempt- 
ing to farm a large area on wholly insufficient 
capital, and that in many cases they would be 
much better otf if they concentrated their ener- 
gies on a smaller acreage. 

The most important factor in the success of 
small holdings is the personal equation. Given 
the right man, he will succeed in circumstances 
which might seem hopeless; but at the same time 
there are other important considerations which 
should be borne in mind in endeavouring to ex- 
tend the system of small holdings in any par- 
ticular locality. The principal favourable con- 
ditions are good soil, favourable climate, the 
proximity of markets, the existence of common 
rights and surrounding agricultural or indus- 
trial conditions affording piece work by which 
the smallholders may supplement their incomes. 
It is not at all necessary that all these conditions 
should be present, for it is found that the exis- 
tence of any one of them is sufficient to enable 
a smallholder who knows his business to succeed. 
For instance, one of the most successful small- 
holdings colonies is that on the estate of Major 
Poore at Winterslow, in Wiltshire. There the 
soil is not good, the climate is not favourable, 
and the holdings are remote from markets and 
stations; but there is a considerable amount of 
winter work in the woods in making sheep cribs 
and hurdles, and in the summer the smallholders 
readily obtain work on the large farms. The 
result has been that a farm of 195 ac, which 
formerly employed 3 men, has been sold to 49 
smallholder's, who were enabled to spread pay- 
ment of the purchase money over a period of 
fifteen years. Houses have been built on their 
holdings by 33 of the purchasers. The village 
was the only one in the neighbourhood at the 
last census which showed an increase in popula- 
tion, and the presence of the smallholders has 
aiforded a constant supply of extra labour on 
the large farms at busy times. Winterslow is 
a good illustration of the fact that it is not 
necessarily favourable agricultural conditions 
which determine the success of small holdings. 

The question whether small holdings can best 
be established on a basis of ownership or of 
tenancy is one on which much difference of 



opinion exists. The advocates of peasant pro- 
prietorship maintain that ownership is the only 
method which gives sufficient security to the 
smallholder to ensure that he will expend the 
maximum amount of labour and capital on the 
cultivation of his holding, and they point to the 
experience of the Continent, where the small- 
holders almost universally own their holdings. 
The dictum of Arthur Young that the magic 
of property will turn sand into gold is quoted, 
and it is contended that under a system of ten- 
ancy the smallholder has no security that he 
will obtain the fruit of his expenditure on the 
improvement of the land. On the other hand, 
the system of ownership has many palpable and 
undeniable disadvantages. It must be I'emem- 
bered that it is the use of the land which the 
smallholder wants, and that capital employed 
in the cultivation of land returns a much higher 
rate of interest than capital employed in its 
ownership. With the same amount of capital, 
a man can take as a tenant four or five times the 
quantity of land he could acquire as an owner. 
Further, peasant proprietorship offers a direct 
incentive to mortgaging and subdivision, and 
it is an actual impediment in the way of a man 
who desires to rise. Under a system of tenancy 
the utmost mobility is obtained, and a man can 
move from one holding to another with the least 
possible inconvenience and expense. Under the 
ownership system he must find a purchaser foi' 
his holding, and he may only be able to move by 
sacrificing a considerable part of the capital he 
has sunk in it. 

In a country like Great Britain, where so much 
of the land has a value in excess of what it is 
worth as the raw material of agriculture, peasant 
proprietorship is a system which contains in 
itself the seeds of decay. There will be a con- 
stant temptation to sell the holdings to persons 
to whom land is more of a luxury than a means 
of livelihood, and the system offers therefore no 
hope of permanency. It must also be pointed 
out that the success of small holdings in Den- 
mark, France, and other Continental countries 
is due more to their admirable systems of co- 
operation and agricultural education than to the 
fact that the smallholders are the owners of tlieir 
land. The evidence of excessive mortgaging and 
subdivision is overwhelming. M. Lavergue says 
of the French peasant that he does not live as 
well as the English farm labourer, and that he 
is not so well fed, not so well clothed, and less 
comfortably lodged. M. Leconteux says that in 
getting rid of one order of landloi'ds and their 
rents they have subjected themselves to another 
though invisible order, the mortgagees and their 
heavier and more rigid rents. In Holland, sub- 
division has been carried on to such an extent 
that scarcely any holdings now remain which 
are large enough to occupy a man's whole time, 
and the smallholders have to acquire a number 
of isolated strips wherever they can be obtained. 
Mr. E. A. Pratt mentions the case of a Dutch 
farmer whose holding of 90 ac. consists of no 
fewer than 78 different parcels of land situated 
all over the commune. In Denmark, though 
the smallholders are in theory owners of the 
land, piuctically they are saddled by a mortgage 
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debt of £60,000,000, representing 55 per cent of 
the value of their farms with buildings, stock, 
and improvements. It seems clear, therefore, 
that tenancy, which is moreover the traditional 
method in tSritish agriculture, is the best basis 
for an extension of the system of small holdings 
in this countr}', provided always that this be 
associated with adequate security of tenure, 
with protection against rack-renting, and with 
a right of ownership to the tenant in improve- 
ments executed by his own labour or at his 
expense. 

In conclusion, one word of warning should be 
uttered. The success of small holdings depends 
so much on the profitable marketing of the pro- 
duce, that it will be most unwise to multiply 
largely the number of smallholders without at 
the same time building up a system of co-opera- 
tive distribution. Isolated units who compete 
with one another are bound to fail, but given 
a proper system of co-operation there is no 
reason whatever why small holdings should not 
be almost indefinitely increased, with the result 
that a very considerable amount of the poultry, 
eggs, fruit, and vegetables which now have to 
be imported from abroad could be produced at 
home. See also arts. Crofter Legislation, Land, 
Land Tenure, Peasant Proprietart, Tenast 
Eight, and the following article. [c] 

Small Holdings Act (England). — The 
Small Holdings and Allotments Act, 1908 (8 
Edw. VII, c. 36), consolidates the provisions of 
various previous enactments relating to the 
powers and duties of local authorities in respect 
of the pi'ovision of small holdings and allot- 
ments. The Act defines a small holding as 'an 
agricultural holding which exceeds 1 ac, and 
either does not exceed 50 ac, or if exceeding 
60 ac. is at the date of sale or letting of an 
annual value for the purposes of income tax 
not exceeding .£'50' (sect. 61). County Councils 
(which include the councils of county boroughs) 
have the power and, if so required by a scheme 
under the Act, the duty, by purchase or lease 
of suitable land, of providing small holdings for 
persons who desire to buy or lease and will them- 
selves cultivate the land. Every County Council 
is bound to establish a small holdings and allot- 
ments committee, to whom are to stand referred 
the exercise and pei-formance of the powers and 
duties of the council under the Act (except the 
power of raising a rate or borrowing money) 
(sect. 50). For the purpose of providing small 
holdings a County Council may purchase or lease 
land by agreement whether situate within or 
without their county; and if unable to acquire 
by agreement suitable land for providing small 
holdings for persons desiring to I'ent the same, 
they may acquire land by compulsion (sect. 7). 
The power of compulsory acquisition, it is to be 
noticed, is only exercisable for the purpose of 
letting land, not for sale of land. 

Before the sale or letting of land acquired by 
them, the County Council may adapt it for small 
holdings by dividing, fencing, making occupa- 
tion roads, or works for the provision of drainage 
or water supply. They may erect buildings or 
adapt existing buildings for the due occupation 
of the holding, when such buildings or adapta- 



tion cannot be made by the purchaser or tenant 
(sect. 8). They may sell or let the small hold- 
ings to individuals who will themselves cultivate 
the same, or to persons working on a co-opera- 
tive system, or, with the consent of the Board 
of Agriculture and Fisheries, to associations 
formed for the purpose of creating or promoting 
the creation of small holdings, and so constituted 
that the division of profits amongst the membei'S 
of the association is prohibited or restricted 
(sect. 9). If the small holding is sold, the pur- 
chaser must pay not less than one-fifth of the 
purchase money on completion; not more than 
one-fourth may,if the council think fit, be secured 
by a perpetual rent charge on the property, and 
the residue is to be secured by a charge on the 
holding in favour of the council, to be repaid by 
half-yearly instalments of principal and interest 
within such term not exceeding fifty years from 
the date of the sale as may be agreed upon, or 
by a terminable annuity pa3'able by equal half- 
yearly instalments (sect. 11). The holding, 
whether it is sold or let, will for twenty years, 
and thereafter, in case of sale, so long as any 

Eart of the purchase money remains unpaid, be 
eld subject to certain conditions, which pro- 
vide (amongst other things) that it shall not be 
divided, assigned, or let without the consent of 
the County Council, and that it shall be culti- 
vated by the owner or occupier as the case may 
be, and not used for any purpose other than 
'agriculture', which includes horticulture, and 
the use of land for any purpose of husbandry, 
inclusive of the keeping or breeding of live stock, 
poultiy, or bees, and the growth of fruit, vege- 
tables, and the like. Not more than one dwell- 
ing house may be erected on the holding, and 
no dwelling house or building shall be used for 
the sale of intoxicating liquors (sect. 12). In 
addition to their power of themselves purchas- 
ing, a County Council may advance not more 
than four-fifths of the purchase money to a ten- 
ant of an existing small holding to enable him 
to purchase from his landlord (sect. 19). In 
order to promote and extend the provision of 
small holdings. Small Holdings Commissioners 
are appointed b}' the Board of Agriculture and 
Fisheries (sect. 2). If land is hired compulsorily 
for small holdings by a County Council, the period 
of compulsory hiring will be from fourteen to 
thirty -five years (sect. 39). At the expiration 
of the lease of land hired compulsorily the council 
has power to renew the tenancy (sect. 44). A 
council proposing to purchase or hire land com- 
pulsorily must obtain an order for that purpose 
from the Board of Agriculture and Fisheries 
(sect. 39). The question of compensation pay- 
able to those whose land is taken compulsorily 
is referred to a single arbitrator appointed by 
the Board (Sched. 1, Part 1). No land may be 
acquired compulsorily which forms part of any 
park, garden, or pleasure ground, or home farm, 
or which is woodland not wholly surrounded by 
or adjacent to land acquired by the council under 
the Act, or which is the property of a local 
authority, or has been acquired by any corpora- 
tion or company for the purpose of a railway, 
dock, canal, water or other public undertaking, 
or is the site of an ancient monument or other 
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object of archaeological interest. No holding of 
50 ac. or less in extent or any part of such hold- 
ing may be acquired compulsorily for small hold- 
ings or allotments (sect. 41). [a. j. s.] 

Smearing Sheep. See art. Sheep, Smear- 
ing OF. 

Smerinthus ocellatus (the Eyed Hawk- 
moth). — The Eyed Hawk-moth is a beautiful 
insect measuiing from 2| in. to over 3i in. in 
expanse of wings. The front wings are a rich 
rose-grey and brown, variegated with pale-olive 
or chocolate-brown, the outer corner is brown 
and the tip pale on its upper half ; the hind 
wings are I'osy-red, shading ofi to grey on the 
margin, with a large bluish eye spot encircling 




Eyed Hawk-moth (Smerinthus ocellatus) 

a black pupil and surrounded by a broad black 
rim ; the thorax is dark in the centre. It is 
widely distributed over England, and is very 
common in some places, but is rare in Scotland. 
The moth is to be found in May, June, and early 
July. They deposit their large eggs on the 
leaves of willows, poplars, osiers, apple, sloe, 
peach, almond, and hops. The larvas are a beauti- 
ful green minutely dotted with white and with 
seven or eight slanting white bars on each side, 
bordered above with daik-green ; the head has 
yellowish tints, and the curious tail seen in most 
hawk-moths is blue, tipped with dull-green or 
black. They may be found feeding freely on 
the foliage from June to September. The larval 
stage lasts about si.x weeks, and when full grown 
pupation takes place in the soil, and there the 
dark-brown pupa remains over the winter and 
spring. Hand-picking alone is necessary. Owing 
to their large size the caterpillars are readily 
seen. Two other allied moths occur in this 
country, the Poplar Hawk {Smerinthus populi) 
and the Lime Hawk {S. tili(e). [f. v. t.] 

Smith, James (1789-1850), of Deanston, 
agricultural engineer, was the son of a Glasgow 
merchant, and was born in that city in 1789. 
He studied at Glasgow University, and at the 
early age of eighteen he was put in charge of 
cotton works at Deanston. In 1823 he came 
into possession of the farm at Deanston, and 
immediately set to work to experiment on a 
deep and thorough system of land drainage. 
He drained the whole farm by parallel trenches 
16 to 21 ft. apart, and 2 ft. 6 in. deep, filled up 
with broken stones to a depth of 1 ft., and above 
that turf, and then levelled up with earth. He 
was thus the originator of the parallel system 
of drainage, which work alone would find him 
a place in the annals of fame in the agricultural 
world. But he went further. He invented the 
subsoil plough. The result of these two inven- 



tions on his own farm was the transformation 
of what had been a wildei'ness of rushes, furze, 
and broom into a well-tilled garden. The re- 
sults of his work he published in 1831, which 
focused on Deanston widespread attention both 
fiom home and abroad. The improvement has 
been aptly described by a contemporary as ' the 
most extraordinary agricultural improvement of 
modern times'. Many other inventions came 
from his fertile brain, such as one- arrd two-horse 
reaping machines, a turn-wrest plough, a web- 
chain harrow, &c. In 1842 he established him- 
self in London as an agricultural engineer-, and 
was largely enrployed as a land valuer during 
the boom in railway construction. He advo- 
cated strorrgly the utilization of town sewage for 
agricultural pur'poses, but his efi'orts were fruit- 
less. At the time of his death he had many 
more improvements and inventions oir hand 
which others have since perfected and brought 
out. He died unmarried in 18.50 at Kingen- 
cleuch, Ayrshire. [a. m.] 

Smith, William (1769-1839), geologist 
and civil engineer, the founder of stratigra- 
pliical geology, was born at Churchill, Oxford- 
shire. He early showed the bent of his mind 
towards geology, and even when at school was 
a collector of fossils. This dominating influence 
no doubt determined his choice of a professiorr; 
and his early training, first as an assistant sur- 
veyor, and later as a consulting civil engineer, 
gave him the opportunity to rrrake the observa- 
tioirs and gather the data which he was after- 
wards to use in building up his historic system. 
He quickly got to the top of his profession as 
a civil engineer, and for long had a monopoly 
of the work for drainage and irrigation. Were 
it only for this, his name would not be handed 
down to posterity with such reverence. His 
real lifework, his real anrbition all through, was 
a systematic foundation for the stratigraphy 
of his country. As early as 1796 he %vas con- 
vinced he had found a key to stratigraphy, 
nanrel}', identification of the strata by means of 
their fossil contents. This opened up a great 
field of research, and it was only in 1815 that, 
after many failures and disappoirrtments, he was 
able to publish his map of the strata in England 
and Wales. Snrith's fanre was at orrce assured, 
and he received the .£50 premium from the 
Society of Ar-ts. He was now in straitened 
circumstairces, but still he devoted nrore and 
more of his time to geology. Many of his frierrds 
tried to persuade him to publish the records of 
his manj' researches, but he seemed to have an 
arrtipathy to arranging and publishing his work. 
Much of his labours, nevertheless, bore fruit at 
the hands of others, for he was always ready 
arrd willing to impart his knowledge verbally to 
any enquirer. Many honour's fell to his share. 
He was the first recipient of the Wollaston 
medal from tire Council of the Geological So- 
ciety (1831). Irr 1832 he was granted a pension 
of £100 from the Government. Trinit}' College, 
Dublirr, made him an LL.D. of that university 
in 1835. Death robbed hinr of further honours, 
for in 1839, at the special invitation of the 
British Association, he was on his way to their 
Meeting at Birmingham when he caught a chill 
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and quickly passed away at Northampton. Much 
bnlliant work has been, and still is being, done 
in this department of geology, but to William 
Smith, the founder, all honour is due, and none 
will dispute his position as the father of British 
geology. [a. m.] 

Smoke Damage to Trees. — The smoke 
from towns and manufacturing centres has an 
injurious effect on trees in the neighbourhood, 
giving the leaves a shrivelled appearance and 
causing ' stag-headedness ' in the trees. The 
smoke cloud not only cuts off direct sunlight from 
vegetation — and thereby reduces the manufac- 
ture of those plant foods which depend on light 
for their production — but it carries soot, dust, and 
a variet}' of injurious gases which result from 
the combustion of fuels. The effect of black soot 
and other dusty products on vegetation is com- 
paratively small; it is the invisible gases of the 
smoke which do the greatest damage. These 
gaseous vapours will vary with the nature of 
the fuel employed. AVood smoke and coal smoke 
from a village or small town without factories 
is comparatively harmless. The damage reaches 
its maximum in a neighbourhood of large centres 
where smelting furnaces, coke ovens, and various 
kinds of factoiies and chemical works abound. 
The greatest havoc is wrought by those invisible 
ga.ses which ccmtain sulpliur and chlorine, be- 
cause they are widespread, and operate though 
pi-esent only in small quantities. Much injurj' 
also results from certain tarlike products (py- 
ridin, phenol, &c.) which are deposited in the 
dark scum left by smoky fog. 

The action of these gases is almost entirely 
confined to the green foliage of plants. What 
generally occurs is that the cells of the leaf 
are injured and an abnormal quantity of water 
vapour escapes, hence the leaf tissue dries up 
and loses its green colour. Evergreen trees and 
shrubs are nioie injured than deciduous species, 
because they retain their foliage during winter 
when more coal is burned, and foggy conditions 
keep the smoke cloud nearer the earth. Where 
sulphurous gases are present, Spruce, Scots Pine, 
and other conifers soon show injury; Cherry, 
Beech, Lime, and Birch are also sensitive, whereas 
Ash, Elm, Oak, Poplars, Maples, and London 
Plane are more resistant. With hydrochloric 
acid or other gases the order of resistance is 
somewhat different. The amount of damage can 
be roughly estimated by the appearance of the 
ti'ees. Conifers at first show reddish-brown tips 
on the needles, which have also a sickly dirty- 
green appearance and fall off prematurely, thus 
giving the tree a bare appearance. Starvation 
through loss of foliage is soon evident in thin 
jear - rings in the wood, and this is regarded 
as a good indication of chronic smoke damage. 
When the damage is more acute the needles fall 
off in the first or second j'ear, so that bare twigs 
and tops appear. The ground vegetation is less 
affected, but with long-continued acute damage, 
trees, grasses, and heather (one of the most re- 
sistant plants) disappear, leaving a bare, barren 
soil. The course of damage to deciduous trees 
is much the same: the leaves are pale and coated 
with deposit, and withered reddish-brown patches 
appear between the veins or round the margins. 



Continuous damage results in death of branches, 
and so the well-known 'stag-headed' condition 
is I'eached. It must not be assumed, however, 
that all discoloration of foliage is evidence of 
smoke damage; considerable experience is needed 
beforeanyone can attempt to distinguish between 
discoloi-ation resulting from parasitic fungi and 
insects, and that produced by smoke. 

Agricultural crops are less liable to smoke 
damage, probably because exposed only for a 
short period during the least smoky time of the 
year. As a rule, root crops are least affected, 
while oats and rye are more resistant than wheat 
or barley. Clovers, meadow grasses, vetches, 
and beans are most damaged, especially when 
young. This different degree of resistance 
amongst plants has led to an ingenious sugges- 
tion for detecting traces of smoke damage; this 
consists in using ' indicator plants', such as beans, 
buckwheat, and rhubarb, whose leaves show dis- 
tinctive spots due to smoke damage. 

The direction of the wind in a locality has a 
great influence on the degree of smoke damage, 
and this must be considered in establishing new 
plantations. Smoke is carried farthest on the lee 
side of the prevailing winds. As a rule, severe 
damage to trees cannot be traced beyond the 
first mile or two from the source of the smoke. 
Lichens on walls and trees are, however, very 
sensitive to smoke, and their absence has been 
observed over ten miles from any large town (see 
Lichens). 

The legal side of smoke damage is extremely 
complex, because it is difficult to estimate the 
amount of damage. Two kinds of evidence are 
generally brought forward — chemical and bo- 
tanical. The latter is of prime importance, but 
it is still difficult to prove that any definite kind 
of damage is directly due to smoke alone. The 
chemical evidence is more valuable if due pre- 
cautions are taken in carrying out the tests. 
Much of the extensive literature on smoke dam- 
age owes its origin to legal disputes. A useful 
summary of a notable lawsuit, the Glencoi'se, 
Loganburn, or Shotts case, was given recently 
(Transactions Eoy. Scot. Arboricultural Society, 
vol. xxii, pp. 15-28 and 221-227). The German 
forests have also furnished many disputes ; a 
convenient sunmiary of numerous investigations 
will be found in Eauchbeschadigung, by Hasel- 
hoff and Lindau (Leipzig, 1903, 400 pages), which 
also gives titles of all important works on smoke 
damage. [w. q. s.] 

Sniooth-stalked Meadow Grass. See 
art. Meadow Grasses. 

Smut, a popular name applied to dark sooty 
coatings of mould on plants. Within recent 
times the name has become limited to attacks 
by the Smut fungi or Ustilaginea? (see art. 
FuNQi). The best-known Smut diseases are 
those on the ears of barley, oats, and other 
cereals; these may be very destructive not 
merely in producing bad grains, but because 
the dispersal of the black Smut spores through- 
out the bulk gives it a faulty colour. (See arts. 
Barley — Parasitic Fungi, and Oat — Para- 
sitic Fungi.) Grasses are subject to several 
forms of Smut — some in the ear, others on the 
leaf or leaf-sheath. Fodder and hay is thus 



Snail Farming — Snails 



31 



rendered less palatable to stock, and trouble in 
the throat and nose may result from the dry 
dusty spores inhaled (see Grasses — Parasitic 
Fungi). Onion, carnation, violets, and a num- 
ber of wild plants are also attacked by Smut. 
The name Stinking Smut or Bunt is used in 
some distiicts to indicate a foul-smelling group 
of the Smut fungi (see Tilletia). All forms 
of Smut are difficult to check, but considerable 
success may be attained by treating the seed 
before sowing with some fungicide (see Barlet 
— Parasitic Fungi). [w. g. s.] 

Snail Farming. — There is a considerable 
trade in Paris and other large towns of Fiance 
in certain species of snails which are suitable 
for human consumption. Of the species occur- 
ring in Britain, only Helix aspersa is regai-ded 
as edible. The vine-growing districts of Bour- 
goyne. Champagne, and Poitou, where the soil 
is calcareous, produce edible snails 
of the finest flavour. The production 
of snails for marketing is not, how- 
ever, systematized. They constitute 
a menace to the vines and have to be 
destroyed. In the months of August 
and September, during the grape 
harvest, the workers pick up con- 
siderable quantities of them for pri- 
vate consumption or for sale. They 
can then be bought at the rate of 
about Qd. per hundred. Apart from 
this natuial source, it is possible 
to control the supply of snails by 
propagating them within a limited 
space. One method adopted is as 
follows : The snails are attracted into 
a large lattice -work box or cage 
about 1 metre 50 cm. by 1 metre 
50 cm. by 2 metres 50 cm., and ca- 
pable of accommodating over a thou- 
sand snails, by means of a few vine 
shoots, which are caused to penetrate the inter- 
stices of the lattice. At the base of the cage 
are placed a set of drain pipes or metal pipes of 
a similar size, these being introduced through 
a small door on one side of the cage. In order 
to break the fall of any snails which may gain 
an entrance through the lattice at the top of 
the cage, straw is placed round the edges of the 
area covered by the box. Fresh green vege- 
tables are placed above and around these pipes 
from time to time. 

The reproduction goes on in the tiles, from 
which the young snails may be seen to emerge 
in spring. When it is wished to have snails for 
cooking in winter, food of some sort must be 
provided. A very successful recipe attributed 
to the Romans consists of wheat meal mixed 
with water or, preferably, diluted wine. This 
mixture is put as a coating on the inside of an 
earthenware tube placed upright on a broad 
tray. The snails are left in this tube for eight 
clays, after which the flesh will be found to be 
milky white and, when properly cooked, a very 
delicate morsel. 

But the demand is too limited and the return 
too small to render profitable the production of 
snails on a scale to which the term ' snail farm- 
ing ' might be applied. [j- b.] 



Snails (Helicidee). — Snails are all provided 
with a large external shell into which the mol- 
lusc can retire. Like slugs (see art. Slugs), the 
snails crawl by means of a large fiat muscular 
foot ; they possess a similar mouth, and also two 
pairs of retractile tentacles. Most form large 
quantities of slime. The male and female sexual 
organs are in the same individual, but they do 
not mature at the same time, and the result is 
we have cross fertilization accompanied by copu- 
lation of two of these hermaphrodite animals. 
Most snails like damp localities, but some occur 
in dry, sandy places and on chalk downs. Their 
food consists of all kinds of vegetation, but some 
species have decided preference for special kinds 
of food. Snails live for many years. They usu- 
ally retire into sheltered places in winter and 
remain in a dormant condition. Prior to hiber- 
nating they may form a hard plate on the foot. 




Large Garden Snail {Helix aspersa) 



1, Mature snail, a, Sliell; 
genital aperture ; /, foot. 



b, moutli ; 
2. EggB. 



enlarged. 5, Teeth, further enlarged. 



c, large tentacle ; d, small tentacle ; 
3, Young snail. 4, Part of radula, 
6, Epiphragm. 



which, when the mollusc retires into the shell, 
closes up the aperture very securely. Snails 
deposit eggs usually in small batches in the 
soil or under rubbish ; the eggs are white shin- 
ing globular bodies. Young snails are just like 
the adults, only small, and the shells very thin 
and often semi-transparent. Those that do most 
harm in Britain are the following : (1) the Large 
Garden Snail (Helix aspersa), (2) the Wood Snail 
(Helix nemoralis),(Z) the Strawberry Snail (Helix 
rufescens), (4) and (5), the Small Banded Snails 
(Helix caperata and Helix virgata). 

The Large Garden Snail has a brown shell 
marked with zigzag pale lines. It is one of the 
largest species and very common, especially in 
gardens. It lays its eggs in batches of sixty to 
seventy in the soil. It attacks all garden plants, 
and is especially fond of sheltering in rockeries 
and along walls pi'otected by vegetation. These 
snails winter in masses attached to one another. 

The Wood Snail is variable in colour, white, 
pink, brown, or yellow, with a dark spiral band 
and dark edge around the shell mouth. It at- 
tacks clover, lucerne, &c., especially near woods. 

The Strawberry Snail is smaller, seldom more 
than h in. long, and has a more flattened shell, 
which is dirty grey to rusty brown in colour, 
with a pale spiral band ai-ound the top and 
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darker transverse streaks. This snail does much 
damage to strawberries, and attacks many gar- 
den plants. It lays eggs between August and 
November in or on the soil. The Banded Snails 
are especially prevalent in fields and gardens 
near the sea, and on downs and hillsides. Helix 
virgata has a white shell with a single purplish- 
brown band, but, like all others, is very vari- 
able. Helix caperata ditt'eis in being smaller, 
and in having marked riblike stri* on each 
whorl. These two latter attack wheat, mustard, 
clovers, and many other plants. 

Snails are preyed upon by many birds — per- 
haps the thrush is most useful in this respect. 

Snails are best destroyed by heavy dressings 
of soot or application of vaporite around the 
attacked plants. They cannot be destroyed as 
easily as slugs owing to their protecting shells, 
and hand-picking is frequently necessary. 

[f. v. t.] 

Snakes (Ophidia), an order of reptiles. 
Among their salient characteristics the follow- 
ing may be noted. The skin is covered with 
scales, and the horny layer of the epidermis out- 
side of these is periodically shed in a coherent 
'slough' ; there are no traces of fore limbs or pec- 
toral girdles, and only a few snakes show minute 
vestiges of a pelvic girdle and hind limbs ; there 
are numerous vertebrse, sometimes nearly three 
hundred, and all, except the first and those of 
the short tail, bear ribs which are fastened ven- 
trally to large transverse scales and are used in 
locomotion ; the mouth is very expansible, in 
adaptation to swallowing large prey, thus many 
of the skull bones are movable, and the two 
halves of the lower jaw are united in front by 
elastic ligament ; the bifid, mobile, retractile 
tongue is an organ of touch ; the eyes are not 
movable and there are no movable eyelids ; 
there is no external ear-opening, nor drum, but 
snakes hear well, and the sense of smell is often 
well developed ; in poisonous snakes one of the 
salivary glands is specialized as a poison gland, 
and the venom trickles down a grooved or chan- 
nelled tooth ; most snakes are oviparous, but 
vipers and aquatic species and some others are 
viviparous. Snakes are divided into numerous 
families, such as the archaic burrowing Typhlo- 
pidaj, the usually large Boidte, the numerous 
Colubrida;, the deadly Viperidoe. There are 
only three British species — the poisonous adder 
or viper ( Vipera berus), the non-poisonous grass 
snake {Tropidonotiis natrix), ancl the rare non- 
poisonous smooth snake {CoroneUa Icevis). 

The practical impoitance of snakes is in the 
main connected with the poisonous bite of many 
of them. In opening the jaws and erecting the 
fangs, the poison glands are compressed and the 
venomous secretion is injected down the tooth 
into the deepest part of the wound. Several 
mammals are immune — the pig, the hedgehog, 
the mungoose, and perhaps also a kind of dor- 
mouse known as the lerot. Similarly, the secre- 
tary bird, the stork, and the honey buzzard are 
immune. Though venomous snakes are dan- 
gerous to man and to his non-immune stock, it 
must be carefullj' noted that snake-killing may 
be carried too far, for they destroy large numbers 
of rats, mice, and other vermin. Some of the 



large boas and pythons, which are non-poisonous, 
and kill their prey by crushing it, levy toll on 
kids, lambs, poultry, and the like. A very inter- 
esting African snake, Dasypeltis scabra, feeds 
chiefly on eggs. Pigs deal effectively with the 
deadly rattlesnake of the United States, and 
sheep are said to jump deftly with their fore 
feet on the European adder. [j. A. T.] 

Snakeweed, also called Easter Giant and 
Patience Dock and Bistort, is a perennial herb 
belonging to the uat. ord. Polygonacese. See 
Bistort. 

Snapdragon, the popular name for Antir- 
rhinum, a genus of plants which belongs to the 
nat. ord. Scrophulariacete. See Astirrhinum. 

Snares and Snaring. — The name snare 
is usually applied to a contrivance for capturing 
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Snare for Eabbit 

animals that is simpler in construction than the 
steel gin and cage trap, which are more cor- 
rectly described as traps. The snaring of ani- 
mals is a more ancient way of capturing them 
than trapping ; and although at the present 
day it has been to a great extent superseded 
by trapping, yet snares are still widely used in 
the country, and often quite as effectively as the 
more modern trap. The usual mode of pro- 
cedure is very simple. A supple twig is driven 
into the ground ; the upper end is bent over 
and has attached to it a wire which is twisted 
into the form of a loop so as to form a running 
noose. The apparatus is set up in such a posi- 
tion that the open noose hangs exactly over a 
' run ' of hares or rabbits. As the animal comes 
unsuspiciously along it runs its head into the 
noose, which closes tightly round its neck ; and 
the more violent the animal's efforts to escape 
the more firmly does the wire clasp its neck. 
Many varieties of this simple contrivance are 
employed. When it is desired to catch rabbits 
in a wood, the wire noose is often attached to a 
young tree, which is bent right over, so that its 
top comes close to the ground. The wire is 
fastened very insecurely to the ground, so that 
at the least disturbance the fastening gives 
way, and the tree, swinging upwards by virtue 
of its elasticity to its natural position, suspends 
the snare in mid-air. Animals which are caught 
in this variety of snare are thus literally hanged. 
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Snares were in general use in former times for 
the purpose of catching moles. The ordinary 
wire noose and bent stick were fixed in a sort 
of wooden tunnel, which was set inside the 
animal's burrow ; so that when it came along, 
the little creature set free the fastening and 
was drawn up and strangled. This device has 
now been supplanted by the modern mole-trap. 
For the recent ' stop-ring ' wire noose, see art. 
Traps tor Vermin. A general advantage pos- 
sessed by snares over steel traps is that they 
inflict far less pain on the captive animal. They 
are liable, however, to the objection that the 
animal is not so securely held, and is more liable 
to make its escape after it has been caught. 

For capturing such birds as owls, snares with 
delicate horse-hair nooses are often employed, 
these being set in position over the holes in 
which the birds are known to be sitting, so that 
on their exit they are caught. 

Nets were at one time very extensively em- 
ployed for catching birds such as partridges or 
pheasants. Their manipulation is usually a very 
simple matter, nothing more being required 
than to set the nets, and then slowly drive the 
birds by making them run in advance into the 
nets, or else leave them to find their way in of 
their own accord. The method is little used 
except by poachers. The legitimate form of 
netting birds with clap-nets is dealt with in 
the article Bird-catching. [h. s. r. e.] 

Snipe. — There are three species of snipe 
found in Great Britain, of which the Common 
Snipe {Gallinago ccelestis) is one of the com- 
monest of British wading birds, and is found in 
all parts of the United Kingdom. The general 
colour of the back is mottled black, with two 
longitudinal bands of sandy buff. The rump 
and upper tail coverts are tawny rufous, the 
throat and chest sandy brown, mottled with 
blackish spots and bars, and the breast and 
abdomen are pure-white. The sexes are alike 
in colour, and the total length of the bird is 
about 10 in. The Common Snipe may be dis- 
tinguished from its ally the Great Snipe by 
the absence of white tips to its wing coverts, 
and by the possession of only fourteen, instead 
of sixteen, tail feathers. The snipe frequents 
swampy and marshy districts either along the 
sea coasts or inland, but it is a difficult bird to 
see while on the ground, and does not generally 
rise unless flushed by the sportsman. Even then 
it is not easy to hit, for its flight is extremely 
swift, and it twists and turns in a zigzag man- 
ner until it has reached a safe distance. At 
night, however, the birds expose themselves 
more readily. The snipe is not usually a gre- 
garious species; for the most part the birds 
hunt their food separately. 

One of the most curious characteristics of the 
snipe is the ' drumming ' of the males during 
the breeding season, a noise quite distinct from 
the ordinary call of the bird. The manner in 
which this drumming sound is produced was for 
a long time a subject of much discussion. It 
was known that it was not produced vocally ; 
and while some naturalists asserted that it was 
caused by the rapid vibration of the wings, 
others alleged that it was due to the air rush- 
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ing swiftly through the tail feathers. Recent 
researches appeal' to indicate that the latter is 
the true theory. Certain of the snipe's tail 
feathers are curiously formed, and when tied to 
a stick and swung rapidly through the aii', give 
rise to the drumming sound. The sound is only 
given out by the bird when on the wing, usually 
high in the air, and only when descending. A 
similar sound is produced by lapwings, also 
only when descending; but in their case it is 
obviously caused by the wings. The snipe 
breeds in all parts of the British Isles, and lays 
four eggs. Its numbers are augmented every 
autumn by the immigration of foreign birds. 

The Great Snipe (Gallinago major) is a not 
infrequent visitor to these islands. It occurs 
mostly on the east and south coasts in early 
autumn. The Jack Snipe {Oallinago gallinula), 
which is mottled brown and black above and 
white below, and is decidedly smaller than the 
Common Snipe, is a winter visitor to this coun- 
try, but does not breed here. [h. s. r. e.] 

Snow. — When dust particles in the atmos- 
phere are being attracted together below freez- 
ing-point snow is formed. The size of flakes 
varies from about 1 in. down to -j^ in. in dia- 
meter. Fresh-fallen snow is very light, as the 
particles are not dense, and 1 ft. of it gives only 
1 in. of water when melted ; but its density 
increases when it lies, partly by compression, 
due to its own weight, greatly by thawing and 
re-freezing. Snow in the shade on a bright day 
at noon is 7 deg. F. colder than the air that floats 
upon it, whereas a black surface at the same 
is only 4 deg. colder. This difference dimin- 
ishes as the sun gets lower, and at night both 
radiate almost equally well. The temperature 
of lands when covered with snow must be much 
lower than when free from it. Besides being 
a bad absorber of heat from the sky, snow is 
also a very poor conductor of heat. The snow- 
line is the height above which snow perpetually 
lies. In Greenland it is 2350 ft., in the Hima- 
layas 19,500 ft. The protection afforded by 
snow is of great importance in the economy 
of Nature. [j. a. m'p.] 

Snow Damage to Trees.— Snow only 
damages trees if falling in large quantities, by 
causing their branches to be bent down or broken 
off. Of our common coniferous woodland trees 
the brittle Scots Pine is most liable to damage 
from snowbreak; while among broad -leaved 
trees. Beech, Alder, Crack Willow, and Eobinia 
have the most brittle branches. In Central 
Europe, where snow falls heavily and lies long, 
young Spruce, Oak, and Beech woods are some- 
times laid by snow pressure, but this is seldom 
likely to occur in Britain. Damage from snow- 
break may occur anywhere or all over in Scots 
Pine woods ; but in other kinds of tree crops it 
is chiefly confined to the edges of compartments, 
or to small patches here and there. Heavy snow 
can be shaken off young ornamental^ trees in 
parks, avenues, or small plantations, by shaking 
the poles or tapping them with a padded mallet; 
but in woodlands this is impracticable, and the 
only way of preventing damage is to tend the 
woods carefully, especially with regard to mode- 
rate thinning. [j. N.] 
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SnowdroPi species of Galanthus, a genus 
of Amaryllidese, natives of Europe and Asia 
Minor. They are great favourites by reason of 
their beauty, and the early season at which 
they appear. Bulbs of the common kinds are 
inexpeusive, and should be planted in large 
quantities for naturalizing in short grass in 
partial shade, as by the sides of carriage drives. 
When once planted they will take care of them- 
selves and usually increase. O. nivalis, the 
Common Snowdrop, of which there is a double 
variety, is found in some parts of England. 
O. Imperati is a very large form of nivalis. In 
addition to planting outdoors, G. Elioesei, Asia 
Minor, Giant Snowdrop, is an excellent subject 
for flowering in pans in a cool greenhouse, but 
it is not everywhere easy of cultivation. O. pli- 
catus, Crimea, is somewhat similar to O. nivalis, 
but the flowers are more often of a greenish hue. 
There are also some autumnal-flowering Snow- 
drops, which are natives of the mountains of 
Greece; the so-called Yellow Snowdrops, which 
have rich-yellow ovaries, and yellowish flower- 
stalks ; and Green Snowdrops, whose outer 
petals are more or less green. [w. w.] 

Snow Flies. See Aletrodes. 

Snow Ploughs usually employed are 
simple constructions of wood, sometimes shod 
with iron, made heavy to keep the edges on 
the ground. Stout baulks of timber are braced 
together to form an angle at the centre, so that 
as the plough is drawn forward the snow is 
shoved aside as by an ordinary double -breast 
plough. Sometimes a steerage handle is attached, 
but the draught of the horses practically decides 
its course. Where the snow has congealed be- 
low, a series of steel studs set along the wings 
of the plough are sometimes employed ; but 
need for these is exceptional. [w. j. m.] 

Soda. Salts are extensively used in the arts 
and industries. Some occur naturally, whilst 
others are prepared by chemical methods. Among 
the principal naturally occurring salts may be 
mentioned common salt or sodium chloride, and 
nitrate of soda or Chile saltpetre. The former 
occurs as the mineral rock salt in various parts 
of the world (see Salt). The latter is found in 
large quantities in Chile (see Nitrate op Soda). 
Until latterly, the Chile deposits formed prac- 
tically the sole source of supply of nitrate. 
Sodium carbonate, better known as ' washing 
soda ' or ' soda ', was first imported from Spain 
under the name of barilla, the ash of the sea- 
weed Salsola Soda. The ash contained about 
one-quarter of its weight of soda. At the pre- 
sent time it is manufactured in enormous quan- 
tities from common salt by chemical methods. 
The crystals of this salt contain water of crystal- 
lization, which is partly lost when the salt is 
exposed, causing the crystal to crumble. It is 
used for domestic and medicinal purposes ; in 
the preparation of glass, caustic soda, and many 
other substances. The acid carbonate is an im- 
portant constituent of many beverages. Sodium 
sulphate, or Glauber salt, occurs in the native 
state in large quantities in Germany. It is 
valuable because of its medicinal properties. 
Borax, sodium pyroborate, is another important 
compound of soda. It occurs naturally in some 



lakes in Tibet, and as the mineral tincal. It is 
now prepared in large quantities by heating 
sodium carbonate and boracic acid together. 
It possesses valuable antiseptic properties, and 
is largely used as a preservative. Sodium brom- 
ide and hyposulphite are indispensable in pho- 
tography. Sodium arsenite is a constituent of 
some sheep dips, &c. Sodium salts are found 
in soils, the ash of all plants, and in the juices 
of the body. [r. a. b.] 

Soft Brome Grass, a common hairy 
annual or biennial weed grass found by road- 
sides and on waste places. See Brome Grasses. 

Soft Cheese. — A soft cheese is a cheese 
which is made without pressure. The curd is 
produced very much in the same way as the 
curd which is required for a pressed cheese, but 
the whey is removed in a different way. The 
curd is not cut, as is the case in the manufac- 
ture of pressed cheese, in which it is divided in 
so many instances into small cubes, but is usu- 
ally removed in large slices into the moulds in 
which the cheese is to take its form — and which 
are sometimes perforated to assist the whey in 
escaping — and allowed to drain, as they do 
perfectly when the conditions are correct. The 
chief of these conditions is the temperature, 
which should not be too high to induce the 
whey to escape too extensively, or too low, and 
so to prevent the escape of a sufficient quantity. 
A soft cheese contains a larger quantity of whey 
than a pressed cheese, and is of necessity small 
in size. In almost all varieties the ripening 
process is conducted from the outside by the 
aid of fungi which grow upon the surface, and 
which play an important part in the removal 
of the acid. As a rule, a soft cheese seldom 
exceeds an inch in thickness. 

There are certain qualities which are common 
to all varieties of soft cheese, and especially to 
those which are made from full milk. As the 
mycelium of the fungus penetrates into the curd 
and neutralizes the acid, so the bacteria are able 
to commence their work of converting the insol- 
uble curd into the soluble cheese, and to com- 
municate its flavour. Thus there is a close 
resemblance between the Brie, the Camembert, 
the Coulommiers, the Bondon, and the Gournay. 
The first mould to appear is white, which, in 
the case of a cheese which is not turned, grows 
until it becomes very like a velvet pile. This 
is followed by a blue mould, and in the case of 
one or two varieties, the IJrie included — but 
only in the hands of certain makers — with 
boutons of vermilion mould; in each case the 
mould is crushed by daily turning, and in con- 
sequence the appearance of the crust of the 
cheese is a dirty grey, which is by no means 
inviting except to those who know what lies 
beneath. Where soft cheese becomes overripe 
the crust is apt to burst, and the curd, which 
has become almost fluid, runs out. It should 
be needless to say that in this condition the 
cheese has lost its normal value, although among 
the workmen of the Continent cheese in this 
condition is very often preferred, owing to its 
more pungent flavour. The following" figures 
may prove useful to those who are interested in 
soft-cheese manufacture : — 
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Name ot Variety. 


Temperature 

of 
Remieting. 


Thiie nf 
Coagulation. 


Water. 


Analysis. 


Remarks. 


Fat. 


Casein, 
&c. 


Brie 

Camembert 

Pont TEvfique . . . 

Neiifchatel 

Gerom^ 

Mout d'Or 
Gervais ... 
Livarot ... 


82°-86° F. 
80° F. 

88° F. 

90° F. 
90° F. 

85° F. 
65° F. 
95° F. 


2-4 hr. 
2hr. 

15 m. 

24 hr. 
30 m. 
30 m. 
8-12 hr. 
H lir. 


50-35 
40-3 

44-47 
52-94 


25-12 
29-9 

33-70 
29-75 


17-18 
29-8 

14-60 
11-80 


Ripening stages, 61°, 65°, 50° F. 
f 11 to 12 oz. in weight, 44 lb. milk 
\ per cheese. 

J 1 gal. milk per cheese ; ripening 
t stages, 63°, 58°, 56° F. 

1 lb. milk per cheese. 

12 lb. milk per 1 lb. cheese. 

Cream is mixed -with milk. 



The following is a list of the principal varie- 
ties of soft cheese made in different countries : — 

England; York, Godmanchester, New Forest, Slip- 
cote. 

France : Brie, Camembert, Coulommiers, Neufchatel, 
Bondon, Livarot, C4iSromS, Mont d'Or, Pont I'Eveque, 
Void, Gonrnay. 

Germany and Belgium-: Limbourg. 

Jtalij : Stracchino. fj ^^ -\ 

So-ft Soa.p is the potash salt of some fatty 
acids, and is prepared principally from whale 
and seal oil by heating with caustic potash. 
Soft soap is used extensively as a constituent 
of washes emploj'ed for eradicating insect pests. 
The soft soap is dissolved in water and mixed 
with vai-ious destructive substances the nature 
of which depends upon the kind of pest. The 
following is a list of some of the substances 
used ; mineral oils, quas.sia, sulphur, gas lime, 
lime water, tobacco, bitter aloes, &c. The object 
of using soft soap is to make the wash adhere 
more firmly to the tree or insect to which it is 
applied. Some leaves have a very smooth sur- 
face, and the skins of some insects would allow 
the wash to run off readily unless it contained 
some substance of a sticky nature. Another 
use of the soft soap is to block up the breathing 
pores of the insect. This is best done by apply- 
ing a concentrated solution of the soap. See 
arts. Insecticides ; Paraffin, Use of in Agri- 
culture; Quassia. [r. a. b.] 

So-ftwoods are those which, in contradis- 
tinction to hardwoods (see Hardwoods), offer 
little resistance to the penetration of another 
body {e.g. nails, screws, axes, &c.) into their 
substance. Some of the softwoods are, however, 
among the most difficult to saw {e.g. Willow 
and Poplar), owing to the strong resistance 
offered to the teeth of the saw tearing their 
fibi-es apart. The softwoods commonly grown 
in British woodlands are, among broad-leaved 
trees, Poplars, Willows, Lime, Horse-chestnut, 
Alder, and Birch (though Birch is sometimes 
classed as a hardwood); and though none of the 
conifers have a really hard wood, the typically 
soft kinds are Sequoia, Cryptomeria, Weymouth 
Pine, Spruce, Silver Fir, Hemlock, and Thuja 
gigantea, while tliose having a distinctly col- 
oured heartwood (see Heartwood), such as 
Larch, Pines, and Douglas Fir, are somewhat 
harder. As a rule, most kinds of wood having 
a low specific gravity (below 0-65 when seasoned) 
are soft, although in conifers hardness increases 
with the degree of resinousness, and green wood 



is usually softer than seasoned. Coniferous 
timber is the easiest or softest of all to saw, 
though Larch is harder than Pines and other 
kinds of Firs ; while among broad-leaved trees 
the softwoods Poplars, Willows, Lime, and Birch 
are harder to convert than Alder, Beech, Maple, 
S3'camore, or Oak, owing to their soft tough 
fibres and the more clogging action of the woolly 
sawdust. [j. N.] 

Soil. — In this article an outline of the general 
properties of soil, of their relationships one to 
the other, and of their bearing on fertility is 
given. No attempt is made to go into full de- 
tails ; this has been done in otlier aiticles, to 
which the reader is referred. The subjects are 
taken in the following order: — 

1. The substances present in the soil. 

The living organisms of the soil. 

The changes taking place. 

The soil in its relation to the plant. 

Inherent fertility and condition. 

Soil exhaustion or deterioration. 

Soil amelioration. 



2. 
3. 

4. 
6. 
6. 

7. 



The Substances Present in the Soil 



§ 1. The great bulk of what is now the soil was 
at some remote period solid rock, and before that 
again had been a molten mass. By the various 
agencies which have been described elsewhere 
(see Soil, Geology of), the rock was splintered up 
into fragments and subjected to chemical actions 
whereby new materials were foimed. Many 
subsequent changes took place ; often the par- 
ticles were washed down river courses into lakes 
or seas and lay under water for long ages, mixed 
up with the remains of decomposing plants and 
animals which largely disappeared but always 
left some residue. In some cases the residue — 
shells and so on — formed a considerable part of 
the deposit, and always it added something. The 
deposits increased in thickness and consolidated 
under the pressure of the superincumbent layers; 
usually some substance was present which acted 
as cement. Other changes in the earth's surface 
caused the sea to disappear and the bottom to 
become dry land or solid rock. Once again the 
process of breaking down set in; the cementing 
material dissolved, the particles were cariied 
away by water and went through the same pro- 
cess as before. This action of water, the ' denu- 
dation' of the geologist, is always going on. 
Valleys are scooped out and the smaller soil par- 
ticles wash downhill into them. Eiver courses 
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are perpetually changing, and making the great 
alluvial flats. 

§ 2. The important facts for us to bear in mind 
are: (1) the particles of the soil have been formed 
in two ways from the original rock — (a) by dis- 
integration, in which case they retain the chemi- 
cal characteristics of the rock; (6) by decompo- 
sition, when their properties are different; (2) 
the particles are very old and have been sub- 
jected for ages to the action of water, carbonic 
acid, &c. ; (3) the plant and animal matter, in 
decomposing, leaves behind a residue of mineral 
and organic matter intermingled with the soil. 
Only the most resistant of the original rock par- 
ticles have survived, and these do not suffer any 
appreciable change in the course of a few years; 
for agricultural purposes indeed they may be 
regarded as unchangeable. 

§ 3. The original rock particles are complex 
compounds containing iron, aluminium, silicon, 
calcium, magnesium, potassium, sodium, and 
others. As they retain the properties of the ori- 
ginal minerals, they can be identified, if they are 
large enough, by the methods of mineralogist 
analysis. It is from the physical rather than 
the chemical point of \"iew that these particles 
are important; their size and not their compo- 
sition counts. The coarse, gritty particles vary 
in mean diameter from 3 to 0'2 mm., and are 
mainly silica, whilst the finest clay particles 
are less than '002 mm. in diameter, and contain 
larger amounts of iron and aluminium oxides. 
The composition of the several fractions of the 
Eothamsted soil is as in table on next column. 
Wlien a particle is broken up, the separate pieces 
have a greater total surface than the original 
particle, and the further the breaking up has 
gone the greater is the increase in surface. The 
finest constituents of the soil therefore present a 
much larger total surface than an equal weight 



Fraction. 



Fine sand (0-2 to -04 mm.) ... 

Silt (-04 to -01 mm.) 

1 Fine silt (-01 to -005 mm.) ... 
Fraction between '005 and ) 

•002 mm / 

Clay (below •002 mm.) 



Silica 
(SiOj). 



94-6 
92^0 

61-7 
45-9 



Oxide 
of Iron 

(Fe203). 



!•! 
1^2 

1-8 

7-0 
12^2 



Alu- 
mina 
(AI.O3). 



3^4 
6-2 



23^4 
30^9 



of the coarser material. Clay stands out in 
marked contrast from the other soil constituents. 
It is coherent, and resists the movement of tlie 
tillage implements ; it is therefore called heavy, 
although in reality it is somewhat lighter than 
sand. It will remain suspended for long periods 
in water. Lime, alum, and other salts, acids, &c., 
cause the particles to aggregate or flocculate, and 
temporarily to behave like coarser ones; on the 
other hand, ammonia and alkalis, such as soda, 
potash, or their carbonates, cause the particles 
to deflocculate and assume their most sticky 
and tenacious form. Clay, or rather some of 
its constituents, withdraws organic matter and 
various mineral substances from their solutions 
(see art. Clat). The silt is valuable to form 
the body of the soil, since it possesses many 
desirable characteristics in relation to water and 
temperature. Sand keeps the soil open and work- 
able. There is no sharp distinction between 
these fractions; they shade off one into the other, 
and are distinguished only for the sake of con- 
venience. It is therefore quite wrong to say, 
as is sometimes done, that soil is a mixture of 
two earths, sand and clay. 

The specific gravity of the soil constituents in 
the state of separate grains is about 2^5, but in 
the porous mass present in the soil it is much 
less because of the air present. Some of the 
weight relationships are as follows: — 





Water- 


Humus. 


Clay. 


Quartz. 


Felspar. 


' Heavy' Arable 
Land, Rothamsted, 


' Light ' Arable 
Laud, Wobum. 


Old Pasture Soil, 
Rothamsted. 


Top 9 in. 


Fourth 
9 in. 


Top 9 in. 


Fourth 
9 in. 


Top 9 in. 


Fourth 
9 in. 


True specific gra-"j 
vity (as separate r 
particles) ... J 

Apparent specific l 
gravity (as por- r 
ous mass) ...J 

Weight per cubic"! 
foot in natural J- 
state, lbs. ...J 


1^00 
62^32 


l-2tol^5 

•335 
20^9 


2-50 
l^Ol 
G3-0 


2^62 
1^45 
90-3 


2^5 to 2^8 


1-434 
89-4 


1-627 
101 ^4 


1-5.50 

96 •e 


1-715 
106-9 


1-144 
71-3 


1-642 
102-3 



The soil at the fourth depth is hea"vier and more 
compact than at the surface, but the consolida- 
tion does not increase at greater depths. It will 
be observed that the 'light' sandy soil at Wo- 
burn is really heavier than the ' heav}' ' loam at 
Eothamsted. 

The decomposition products of the original 
rock particles are of more chemical interest, 
inasmuch as they enter into reaction with am- 
monium or potassium salts added as manure 
(see § 19). 

§ 4. Among the minerals of organic origin 

1 It is now usual in Great Britain to regard fine silt as 
lying between -01 and -002 mm. 



calcium carbonate is by far the most abundant, 
especially in the great chalk and limestone de- 
posits, where it formed, in past ages, the shells 
and other parts of animals. It occurs in manv 
but not in all soils, and has the distinction of 
being the only common soil constituent that is 
sometimes totally absent. 

Equally widespread, but less abundant, is 
calcium phosphate, part of which also arises 
from the residues of a past life. But there are 
other mineral phosphorus compounds, commonly 
regarded as phosphates, that are not extracted 
even by strong acids and are clearly of mineral 
origin. No sharp classification of soil phosphates 
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is possible: some are soluble even in the solution 
of cai-bonic acid occurring in the soil, others are 
highly insoluble : between these two extiemes 
lie other compounds, so that any particular sol- 
vent will go on indefinitely extracting phosphoric 
acid from the soil. 

§ 5. The organic matter of the soil, i.e. the 
part which can be burned away, forms about 
3 to 6 per cent of arable soils, 5 to 10 per cent of 
pasture soils, and a considerably larger propor- 
tion of peat soils. It has been only incompletely 
studied. It arises from the activity of the living 
plants or organisms that find their habitation in 
the soil, and has been accumulating and chang- 
ing ever since tlie soil began to be formed. The 
oldest portion dates back to the time when the 
soil was deposited, and can be found unmixed 
with recent material in soil samples taken some 
depth below the surface; the newest part arises 
from the roots or leaves and stems of plants 
recently drawn into the soil by earthworms, &c. 
Generally we may say that the oldest organic 
matter is very resistant, having already under- 
gone most of the change of which it is suscep- 
tible, while the recent organic matter is readily 
decomposed. The decomposition products play 
an important part in the soil. Among them is 
the black body called humus (see art. Humus), 
which gives to soil those properties associated 
with mould, and is in part responsible for the 
great distinction between a mere sand heap and 
a soil. Three of its important properties are : 
(1) it increases the water-holding capacity of the 
soil ; (2) it facilitates the production of tilth ; 
(.3) it absorbs the dissolved organic matter from 
S(.ilutions, a property which it shares with clay, 
and which accounts for the purity of many deep 
well waters. 

There are probably a number of nitrogen 
compounds in the soil, but only two have been 
examined in their relationship to plant growth 
— ammonia and nitrates. Of ammonia only 
traces are ever found under normal conditions. 
Nitrates occur in very varying amounts: arable 
soils will commonly contain from 3 to 12 parts 
of nitrogen in this combination in every million 
parts of soil — the lower amount in wet weather 
or when a full crop is on the ground; the higher 
in warm, drj' weather when the ground is not 
densely covered with crop (see Nitrogen Com- 
pounds IN Soil). 

§ 6. The soil is, in our regions, always moist, 
but tlie water is not pure. It is a solution con- 
taining a certain amount of every soluble soil con- 
stituent — carbonates, nitrates, sulphates, chlo- 
rides and silicates of sodium, calcium, magnesium, 
potassium, and so on. It is more or less satu- 
rated with carbonic acid, which dissolves calcium 
carbonate and other mineral matter, and it plays 
a highly important part in plant nutrition. Its 
composition is not readily investigated, because 
the clay and some of the organic matter, e.g. the 
humus, react with it and withdraw sundry 
constituents. Whitney (Bureau of Soils, U.S. 
Department of Agriculture, Bulletins 22 and 
23) supposes that this solution is of the same 
strength in all soils, and therefore that all soils 
contain the same amount of plant food, but 
his theory is not commonly accepted (see Fer- 



tility). Russian investigations are recorded in 
the Jahresberioht fiber Agrikulturchemie (1906, 
p. 51). 

§ 7. We may now sum up our account of the 
constituents of the soil. It is largely composed 
of fi-agments of rock varying in size from 3 mm. 
downwards. These were detached ages ago, and 
have ever since been subjected to the action of 
water, air, &c., so that they may be regarded 
as unalterable in agricultural time. But in geo- 
logical time some of them are decomposed ; the 
resulting products also occur in the soil and are 
distinguished by being more reactive ; thus 
they react with potash salts, ammonium salts, 
&c., and also yield some alkaline material to 
water. All through the existence of the soil 
it has perpetually been mingled with living or 
dead plants, animals, and minute organisms 
which have contributed organic matter, but 
have also effected decomposition of some of the 
organic matter already present. This endless 
cycle is still going on. The soil thus contains 
combined nitrogen and certain minerals like cal- 
cium carbonate, calcium phosphate, &c., which 
at various times have formed part of the living 
organisms and may do so again. It also con- 
tains the stable organic residues mai'king the 
limit beyond which decomposition has not gone, 
and representing the organic matter added in 
bygone ages; these are the end products of 
the change. Products representing the initial 
stages arise from oi-ganic matter recently added 
to the soil, and include humus and the nitrates. 
Between these two stages are doubtless many 
others, of which little or nothing is known. 

Bathing the soil particles is a solution con- 
taining some of every soluble substance in the 
soil. Its principal constituent is carbonic acid 
if calcium carbonate is absent, or calcium bicar- 
bonate if it is jji'esent. In addition it contains 
nitrates, salts of calcium, magnesium, &c., and 
plays a great part in the nutrition of the plant. 
The differences between the surface and sub- 
soil are set out in art. Subsoil, where also are 
described the attempts to utilize the subsoil as 
plant food in the Lois Weedon system. 

§ 8. We must not look upon the soil as a mere 
inert mass of material. Prior to the days when 
agricultural chemistry was first studied, the soil 
was regarded as being endowed in some mys- 
terious way -with life — a survival of the ancient 
Greek idea that the Earth was the common 
mother of all. Even so late a chemical writer 
as Boerhaave in 1727 speaks of a vegetable as 
'a body generated of the earth, or of some- 
thing arising of the earth'; and of the soil, 
itself as ' in some measure organical ', contain- 
ing pores 'something analogous to vessels by 
which juices may be convey'd, prepared, di- 
gested, circulated, and at length excern'd, and 
thrown off into the roots of plants'. But more 
exact ideas were introduced when agricultural 
chemistry arose at the end of the 18th century. 
The early agiicultural chemists make no refer- 
ence to a living soil, but regard it simply as a 
mass of dead mineral and organic matter. The 
mineral matter was decomposed by chemical 
agencies under the influence of air and water; 
the organic matter decomposed spontaneously. 
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giving rise to humus, carbonic acid, and simple 
nitrogen compounds which served to nourish 
the plant. These are the ideas developed by 
Boussingaulf as late as 1851 in the second edi- 
tion of his Economie Eurale; and they were in 
complete harmony with the theorj' of putre- 
faction and fermentation advanced by Liebig, 
which supposed these changes were purely che- 
mical. Even when Pasteur had demonstrated 
the presence of disease and other organisms, and 
Boussingault in 1858 (Agronomie, vol. i, p. 301) 
had recognized the existence of a ' mycodermic 
vegetation' not alwaj'S visible to the naked eye, 
the progress of which must be followed by the 
aid of the microscope, there was no suspicion 
that this ' vegetation ' was in anj' way con- 
cerned in soil fertility. Later on, the true 
nature of putrefaction was cleared up : the 
minute organisms found in enormous numbei-s 
in decaying organic matter, and which the 
older writers thought were engendered by the 
decaying organic matter, were shown to be the 
cause of putrefaction and to arise from some 
germ previously present. It seems strange to 
us to find even in 1877 Tyndall writing a long 
paper controverting the idea of spontaneous 
generation of what we now know are the putre- 
faction organisms. In 1878 Schloesing and 
Muntz showed that ammonia is converted in 
the soil to nitrates by bacteria, and this dis- 
covery marks the beginning of soil bacteriology. 
The stages in the decomposition of organic 
matter whereby plant food is produced bj' 
bacterial agency were clearly set out by War- 
ington in 1883. A notable advance was made 
in 1885 by Berthelot, who showed that atmos- 
pheric nitrogen is fi.xed in soil by micro- 
organisms. In the following year Hellriegel 
and Wilfarth showed that leguminous plants 
were dependent on certain bacteria for their 
nitrogen supply. Details of much of the recent 
work will be found elsewhere under the proper 
headings (Nitrification, Denitrificatios, Ni- 
trogen Fixation, &c.). 

The LiTing Organisms of the Soil 

§ 9. The top 6 in. of the soil is tenanted by 
a teeming population of the most varied kind, 
from large earthworms down to minute organ- 
isms only visible under a powerful microscope. 
Several hundred millions may be present in each 
ounce of soil. They show great diversity in their 
food, their mode of life, and the way they are 
influenced by external conditions. Some live 
on dead organic matter, others attack plants, 
others again devour living organisms. All are 
competing in the struggle for existence, multi- 
plying with enormous rapidity whenever the 
conditions are favourable, disappearing equally 
quickly when they are unfavourable, or taking 
on a curious state of suspended animation, in 
which they may lie dormant for long periods 
and yet revive as soon as the conditions are 
once more suitable. In the struggle no one 
species exterminates the rest; instead, the diflfer- 
ent forms seem to settle down to a rough kind 
of equilibrium, each being hampered by others, 
but all surviving in some degree ; the equilib- 



rium does not vary very much so long as the 
soil conditions remain fairly constant. 

i^ 10. We should get a very incomplete picture 
of the soil if we confined our attention to those 
organisms which are directly beneficial to the 
plant. It is true that the plant gains by the 
presence of certain of the organisms, and equally 
true that some of the organisms benefit by the 
presence of the plant. But the organisms of 
the soil are living their own lives, and theii- 
immediate functions are to feed, to grow, and 
to multiply. However, as it is necessary to set 
some limits to the subject, we shall not attempt 
the complete picture. 

§ 11. Earthworms. — Of all the larger organ- 
isms none are more important than earth woims. 
They feed on vegetable matter, dead leaves, 
stems, &c., and do a good deal of cultivation as 
the}' work their way through the soil, passing 
quantities of it into their bodies, and throw- 
ing it out on the surface in the form of casts. 
Into the burrows they draw vegetable mattei-, 
which thus becomes distributed in the soil. 
The burrows also aerate and drain the soil, 
while the casts act as a mulch. 

Insects, Centipedes, &c. — Some of these, like 
worms, live on dead vegetable matter, others on 
living animal matter, on slugs, snails, grubs, &c. 
— e.g. centipedes (Chilopoda), ground beetles 
(C'arabida?) ; while others again feed on li^'ing 
plants — e.g. some millipedes (Julidie), wire- 
worms, leather -jackets (Tipula). Probably all 
have in some degree the same kind of culti- 
vating effect as earthworms; but those attack- 
ing plants do more harm than good in arable 
land, and are therefore regarded as pests. The 
others, however, are on the whole beneficial. 

Nematodes. — Eelworms (Anguillulida?), al- 
though microscopic in size, are similar in struc- 
ture to the other worms. Some are parasitic 
on plants, attacking corn, clover, sugar beets, 
&c. ; others are saprophytic, and live on decay- 
ing organic matter; while others again are para- 
sitic on animals — lung worms of sheep. It is not 
known what action they have in the soil. 

§ 12. Alg,e. — When the surface of the soil is 
kept damp and undisturbed, a green growth of 
algoe will sometimes develop. They live like 
the higher plants, assimilating caibonic acid 
from the air and taking plant food from the 
soil ; they therefore compete with plants for 
food. It is not, however, known to what ex- 
tent they are operative in ordinary cultivated 
soils. 

§ 13. Protozoa. — These have not yet been 
studied in any detail from the soil point of 
view, but several of them, e.g. various Amcebi>?, 
certain Monads, and Colpoda cuciilhcs, have been 
found in soils, and it is certain that others are 
present. The chief food of those found so far 
consists of smaller organisms and bacteria; they 
are in consequence detrimental, in that they 
keep down the useful bacteria which prepare 
plant food. 

§ 14. Moulds and Fungi. — Moulds prefer au 
acid medium, and are said to predominate over 
bacteria in acid soils, but proof is lacking, as no 
way of counting them is known. Two classes 
may be distinguished : (a) those feeding on liv- 
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ing plants — the disease fungi, such as Phytoph- 
thora infestans, which causes the potato disease, 
or Plasniodiophora brassicce, which causes finger- 
and-toe in turnips; mildews, &c. ; {b) those feed- 
ing on dead organic matter — Penicillium and 
others. Moulds require air. The decomposi- 
tion they effect does not appear to be as bene- 
ficial to plants as that brought about by bac- 
teria. Bacteria reduce complex nitrogen com- 
pounds to simple forms useful as plant food. 
Moulds, on the other hand, absorb some of the 
simple nitrogen compounds into their own sub- 
stance, and to this e.xtent decrease the amount 
of plant food in the soil. A familiar illustration 
is furnished by dung, which is known to lose 
in value when attacked by mould, often spoken 
of as ' fire-fang '. 

§ 15. Bacteria. — A remarkable variety of bac- 
teria is found in the soil. The general result 
of their work is to oxidize organic matter and 
produce plant food and humus. They also pro- 
duce carbonic acid, which attacks and dissolves 
some of the mineral substances in the soil. They 
have enormous power of reproduction, but are 
kept in check both by the adverse conditions 
and by the activity of protozoa and similar 
organisms. Calcium carbonate, phosphates, and 
other mineral salts are necessary for all bacteria, 
and nitrogen compounds and organic matter 
for most of them ; they also require favourable 
conditions of water, air, aud temperature. The 
numbers present are sometimes enormous ; an 
ounce of the Kothamsted soil has been found to 
contain 140 million capable of developing on 
gelatine, in addition to those which are not. A 
rich garden soil contained three or four times 
as many. 

Most bacteria derive their energy from the 
oxidation of organic matter, but there are a 



few very remarkable exceptions. The nitrifying 
organisms apparently make little use of organic 
matter — they may indeed be injured by it — and 
derive their carbon from carbonic acid, which 
they decompose without the aid of sunlight or 
the intervention of chlorophyll. Apparently the 
necessary energy is obtained from the oxidation 
of ammonia to nitrous or nitric acid. The oxi- 
dation of ferrous carbonate is supposed to fur- 
nish energy to Cladothrix and Crenothrix, while 
the oxidation of hydrogen sulphide affords 
energy to the sulphur bacteria. 

The work of the soil bacteria is, in properly 
drained and aerated soils not too rich in or- 
ganic matter (see § 21 (1)), almost entirely bene- 
ficial to the plant. Through their activity plant 
residues, leaves, stems, &c., useless or rather 
harmful to the plant because they open up the 
soil too much, are converted into useful plant 
food and valuable humus. Their activity may 
be estimated by counting their numbers (see 
Bacteriology), or by determining the amount 
of oxygen they absorb (see Oxidation in Soils). 
In ordinary soils they are kept in check by 
protozoa-like organisms. If the soil is treated 
with some volatile antiseptic such as toluene or 
carbon disulphide, or if it is heated to 70° to 
100° C, these organisms, along with the living 
bacteria, are killed, but not the spores. After 
the antiseptic has volatilized, or the heating 
ceased, the spores begin to sporulate, and the 
resulting bacteria, having now a clear field, 
multiply rapidly, and reach far higher numbers 
than before. The new organisms appear to be 
enfeebled by the treatment, but in virtue of 
their higher numbers they produce an increased 
amount of plant food, which causes an increase 
in crop. The following are some of the results 
of pot experiments by Russell and Darbishire: — 





Mustard. 


Buckwheat. 


Untreated 
Soil. 


Heated 
Soil. 


Untreated 
Soil. 


Soil treated 
■with Car- 
bon Disul- 
phide. 


Soil treated 

with 

Toluene. 


Soil treated 
with 
Chloro- 
form. 


"Weight of dry matter per pot 
"Weight of nitrogen taken by crop 
"Weight of phosphoric acid taken by crop 
"Weight of potash taken by crop 


15-88 
0-37 
0-16 
0-67 


24-33 
1-08 
0-.51 
1-22 


18-14 
0-50 
0-34 
1-02 


23-27 
0-73 
0-54 
1-39 


20-98 
0-63 
0-45 
1-21 


25-08 
0-73 
0-61 
1-41 



Corupare also Russell and Hutchinson, Journal of Agricultural Science, 1909, p. 111. 



No method suitable for farm practice has yet 
been devised. 

Attempts have been made to increase the 
bacterial activity of the soil by adding special 
organisms. The bacteria associated with legu- 
minous crops have been especially the subject 
of experiment, as also the ammonia -producing 
organisms (see Inoculation of Soil). New 
leguminous crops growing for the first time 
have benefited by this treatment. 

Bacteria can to a certain extent move in the 
soil, but not rapidly. An effective way of re- 
moving bacteria from water, and one used to a 
considerable extent in purifying drinking water 
or sewage effluents, is to filter it through soil or 
sand. Unfiltered Thames water was found to 



contain 2500 bacteria per cubic centimetre ; 
filtered water only about 20 on an average. 
Eeference has already been made to the removal 
of organic matter from water effected by soil, 
which further contributes to the purification 
of the water. 

The Changes taking Place in the Soil 

§ 16. The Inorganic Materials. — The com- 
plex silicates of the soil decompose very slowly 
under the influence of carbonic acid and water. 
See Soil, Geology or. So far as is known only 
three of the mineral constituents of the soil 
undergo change sufficiently quickly to be of 
agricultural significance, viz. calcium carbonate, 
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calcium nitrate, and silicates of the zeolitic type. 
These changes are in part due to natural agen- 
cies and in part to the mineral manures added 
to the soil. 

§ 17. The calcium carbonate in the soil suflFers 
a greater number of changes than any other 
mineral constituent: (a) It reacts with carbon 
dioxide to form calcium bicarbonate, which 
washes down into the subsoil and is lost. (6) It 
reacts with ammonium salts added as manure 
thus: ammonium sulphate + calcium carbon- 
ate = ammonium carbonate + calcium sulphate. 
The calcium sulphate being soluble, washes out 
and appears in the drainage water, (c) It is 
utilized by the nitrifying bacteria and converted 
into calcium nitrate. These changes cause at 
Eothamsted a loss of about 800 lb. of calcium 
carbonate per acre each year, or more if am- 
monium sulphate is added. Calcium carbonate 
does not sink in arable soil, but washes right 
away. 

§ 18. Calcium nitrate is perhaps the most fluc- 
tuating of all the mineral substances in the soil. 
It is formed during nitrification, but readily 
washes out of the soil; the amount present at 
any time depends largely on the rainfall of the 
preceding days. It is taken up by plants, but 
suffers decomposition during the process, so that 
calcium carbonate is left behind in the soil. 
There is thus a cycle of changes: calcium car- 
bonate is converted into nitrate by the nitrify- 
ing bacteria; calcium nitrate is converted into 
carbonate by the plant. A similar change takes 
place when sodium nitrate is added as manure: 
the nitrate radicle is absorbed by the plant, and 
sodium carbonate is left behind in the soil. It 
is important to notice that neither ammonium 
salts nor nitrates permanently remain in the 
soil ; thus they do not increase the percentage 
of soil nitrogen. 

§ 19. Silicates of the Zeolitic Type. — These are 
supposed to liberate some soluble potash com- 
pound by a change not understood, and to react 
with salts of ammonia, sodium, calcium, mag- 
nesium, &c., that may be added as manure : 

Complex silicate of lime, &c. + Sulphate of potash 
(insoluble) (soluble) 

= Comple.x silicate of potash, &c. -I- Sulphate of lime, 
(insoluble) (soluble) 

(See Manures, Effect of on Soil.) Soluble 
potash manures added to the soil are not 
washed out, but are converted into insoluble 
substances, which, however, are not too in- 
soluble for plant nutrition. Addition of lime 
accelerates the rate of solution by actually dis- 
placing some of the potash. The insoluble com- 
bination formed from sulphate of ammonia added 
to the soil does not appear to be an ammonium 
compound. 

Important changes in the mechanical condi- 
tion of the soil take place as a result of some of 
the reactions. The calcium bicarbonate as it 
washes down flocculates the clay and improves 
the texture. On the other hand, the sodium car- 
bonate formed from sodium nitrate deflocculates 
the clay, and produces unkindly conditions and 
a glazed appearance on soils deficient in coarse 
sand. 



The changes resulting in the formation of 
alkali soils are discussed in art. Alkali Soils. 

§ 20. The Organic Materials. — In normal 
healthy conditions the roots of living plants are 
not attacked by the inhabitants of the soil, but 
when the plant dies it is attacked by a great 
variety of organisms and rapidly disintegrated. 
The details of the change are not known, and 
are doubtless highly complex. The final pro- 
ducts are water, carbonic acid, black colloidal 
substances known as humus, probably some 
residues which will not further decompose, am- 
monia, some free nitrogen which escapes and is 
lost. The changes of the nitrogen compounds 
are of great importance. We may suppose 
that the protein is resolved into amino acids, 
diamine acids, and purin bases, as in the ordinary 
hydrolysis, and these are changed into ammonia 
by bacteria. However, the ammonia does not 
persist, but is either absorbed by some of the 
clay constituents (§ 19), or is attacked by the 
nitrifying organisms to form nitrites and thei 
nitrates. Nitrification takes place so quickly 
that we never find either ammonia or nitrites 
in the soil ; it is apparently the quickest of aU 
soil changes, and is only limited by the speed at 
which the ammonia-producing organisms work. 
The whole process would be entirely beneficial 
to the plant were it not for the evolution of a 
certain amount of free nitrogen. At the same 
time the nitrogen-fixing organisms, azotobacter 
and others, absorb a certain amount of free 
nitrogen, making it into protein. A consider- 
able amount of energy is required for this 
change, and is derived from the oxidation of 
organic matter. We may represent the cycle of 
nitrogen changes in the soil diagrammatically 
as follows : — 
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These processes are specially active in moist, 
well-aerated soils ; the production of nitrates 
during a well-worked fallow is one of the chief 
effects produced. There may be a loss of nitrate 
or ammonia under certain conditions through 
their assimilation by lower organisms. 

§ 21. The cases arising in practice may be 
summed up as follows: — 

(1) Decomposition becomes very active when 
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land rich in organic compounds of nitrogen is 
subjected to arable cultivation: the land loses 
organic matter and nitrogen rapidly. Heavily 
dunged land or newly broken rich prairie soils 



afford excellent illustrations. The changes in 
nitrogen content of some of the Eothamsted soils 
during a period of twenty-eight years are as 
follows: — 





In Soil, 
1866. 


In Soil, 
1893. 


Loss in 
28 years. 


Added 
by Rain 
and Seed. 


Added in 
Manure. 


Removed 
by Crop. 


Unaccounted 
for. 


Plot 3 — No manure 
,, 7 — Minerals and am- 1 
monium salts / 
„ 2— Dimg 


lb. 
2722 
3034 
4343 


lb. 
2437 
2971 
4976 


lb. 

285 

63 

633 (gain) 


lb. 
167 
167 
167 


lb. 

Nil 
2408 
5600 


lb. 
428 
1212 
1361 


lb. 

-24 

-1426 

-3773 



It -will be observed that the ammonium salts 
have not increased the percentage of nitrogen 
in the soil. Any that have not been taken up 
by the plant have been washed out as nitrates. 
On the dunged plot only one-quarter of the 



added nitrogen is recovered in the crop, and 
more than half is lost. 

Shutt found the following changes in nitrogen 
content of cultivated prairie soils : — 



Indian Head, Sask. 





Nitrogen. 


To a depth of 4 in. 


To a depth of 8 in. 


Virgin soil 

Cultivated 23 years, including 91 

fallows ... ... ... . ■ ■ / 

Loss due to removal in crops and"! 

to cultural methods j 


per cent. 
0-409 
0-257 


lb. per acre. 
3284 

2402 


per cent. 
0-371 
0-253 


lb. per acre. 
6936 
4730 


0-152 


882 


0-118 


2206 



Only about one-third of this loss is to be ac- 
counted for by removal in grain and straw of 
the crops grown, the remaining two-thirds being 
dissipated as a result of cultural operations. 
Something similar has happened in England: 
ordinary arable soils now contain about 015 
per cent of nitrogen, but the woodland or grass 
soils from which they originated usually contain 
about '25 per cent. 

(2) In the case of arable land continually 
carrying cereal crops, the nitrogen content de- 
clines when the produce is entirely removed 
and no nitrogen compounds are added as man- 
ure or through the cultivation of leguminous 
crops. The decline is at first greater than the 
amount of nitrogen in the crop, but finally 
becomes approximately equal to it. 

(3) Where a leguminous crop is introduced 



into the rotation the nitrogen content of the 
soil may be maintained, or even increased, with- 
out the addition of any nitrogenous manure. 
Thus under the old four-course rotation, in 
which clover comes in once every four years, 
the percentage of nitrogen in the soil does not 
fall indefinitely, but reaches a level at which it 
remains tolerably constant. By altering the 
frequency with which leguminous crops are 
taken, it becomes possible to keep the nitrogen 
at any level within certain limits. This con- 
clusion may be illustrated from the results 
given by the Agdell rotation field at Eotham- 
sted, where clover or beans are grown once in 
each four years. The nitrogen statistics for the 
plot that receives no nitrogen but only phos- 
phoric acid and potash are ; — 



Nitrogen in Soil. 


Average Production. 


Average Removal 

of Nitrogen 

per Acre. 


1867. 


1909. 


Gain per Acre 
per Annum. 


Wheat. 


Swedes. 


Barley. 


Clover. 


lb. 
3240 


lb. 
3522 


4-6-7 


bus. 
35-2 


cwt. 

227 


bus. 
29 


cwt. 
46-7 


46-3 



Had the roots, straw, and clover been converted 
into manure and returned to the land, as would 
be the case in ordinary farming, there is little 
doubt but that the production would be raised 
to a higher level. 

(4) When land is carrying a vegetation that 



is not removed there is a gain of nitrogen, 
which, however, does not go on indefinitely, 
but is finally balanced by the losses. 

Land allowed to run wild and go back to 
prairie state at Eothamsted showed the fol- 
lowing nitrogen changes: — 
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NlTKOGEN', LB. PER AoEK, TOP 9 IN. 


In Soil, 

1881. 


In Soil, 
1904. 


Added by 

Rain, 
23 years. 


Gain. 


lb. 
2769 


lb. 
3711 


lb. 

88 


lb. 
854 



Land laid down to grass steadily gains ni- 
trogen for many years: — 

Arable land '124 per cent of nitrogen. 

Grassland laid 'down \ ... ^, 

11 years f '■°^ 

Grassland laid down \ .- „ , 

20 years J '■'* 

Grassland laid down 1 .-iqp; 

•247 



45 years ... 
Very old pasture 



... / 



The extent to •which accumulation will go on 
depends on the rainfall ; thus it is found that 
prairie soils in arid regions contain less nitrogen 
than those in humid regions. In this, as in 
several other directions, climate is an important 
factor in soil formation. 

Both fixation and loss of nitrogen probably 
go on in most soils, and prevent either an 
indefinite accumulation or an absolute removal 
of all of this constituent. Finally, a state of 
equilibrium is reached, and the soil does not 
alter until the conditions are changed. See also 
arts. Nitrification, Nitrogen Fixation, &c. 

§ 22. Absorption of Subst.ances by Soil. — 
It has already been pointed out that certain 
soluble substances react ■with soil constituents 
to form compounds. These are : (1) ammonium 
sulphate, (2) potassium salts, (3) soluble or- 
ganic matter, (4) phosphates, (5) compounds 
■which react •with calcium carbonate or bicar- 
bonate to form insoluble carbonates, e.g. copper 
sulphate, &c. 

The follo^wiug are not absorbed: (1) nitrates, 
(2) calcium bicarbonate, (3) sodium salts. 

§ 23. Action of Eain on Soil. — Eain ■washes 
out nitrates from the soil and thus effects a 
temporary diminution in productiveness. A 
■wet winter is kno^wn to be bad for the -wheat 
crop. At Rothamsted, fallowing leads to a 
marked increase in the yield of wheat only 
■when the rainfall has not been too high. 





Sixteen Seasons 

less than 
Average Rain- 
fall (S'S) in. from 
Sept. to Dec. 
incliiaive). 


Sixteen Seasons 

^nore than 
Average Rain- 
fall (13-7 in. from 
Sept. to Dec. 
inclusive). 


Wheat grown after fallow, \ 
total produce in lb. . . . / 

Wheat grown after wheat, \ 
total produce in lb. ... J 


2743 
1810 


1757 
1G27 


Increase due to fallowing, \ 
in lb J 


933 


130 


Percentage, increase due 1 
to fallowing ... ... J 


51-5 


7-9 



(Hall, Book of the Rothamsted Experiments, p. 64.) 

Catch cropping or bastard fallowing affords 
an excellent means of saving these nitrates. 
Eain has a mechanical effect in beating down 



the soil and giving a glazed appearance. It 
causes clay and strong loams to swell, but this 
effect is noticed much less than the converse 
effect of drought, which causes the same soils 
to shrink and therefore to crack. Further, it 
washes some of the fine clay material from the 
surface into the subsoil ; this process has been 
going on ever since the soil was formed, and 
has led to the following order of differences : — 

Pehcentage of Clat 





Sandy 
Soil. 


Sandy 
Loam. 


Loam. 


Clay. 


In top 9 in. 

In second 9 in. ... 


3-6 
50 


7-1 
10-2 


9-2 
14-2 


20-0 
29-0 



Irrigation accelerates this movement, and the 
clay washed down forms in time an ' irrigation 
hard pan ' which has to be broken. This change 
introduces a disturbing factor into experiments 
with lysimeters or di'ain gauges (Russell, Jour, 
of Agricultural Science, 1907, vol. ii, p. 29). 

§ 24. Frost. — The chief effect is to break 
down hard clods of earth by causing the water 
inside the clod to freeze and expand. The force 
of the expansion is enormously greater than 
anything else at the farmer's disposal, and, act- 
ing as it does on every particle of the soil, it 
is remarkably effective in mellowing do^nm un- 
kindly soil. Any mineral like chalk that admits 
the entrance of water into its pores may in like 
manner be shattered. Fragments of rock are 
splintered off and disintegrated ; this action is 
only very slow, but it has great results in the 
long ages of geological time. 

§ 25. The Movement or Air in the Soil. — 
Life in the soil is only possible in so far as air 
is able to get in. The mineral particles of 
various sizes forming the bulk of the soil have 
not settled down into the most compact position. 
The air passages thus left form about half the 
soil, and are still further increased by cultiva- 
tion in arable land, by the movements of worms, 
&c., in pasture land, and by frost. 

Air gets into the soil by diffusion, but the 
process is retarded by the smallness of the pore 
spaces and the friction. Carbonic acid, nitrogen, 
and water vapour diffuse out of the soil, but at 
unequal rates ; water vapour goes quickest and 
carbonic acid slowest. In consequence of the 
slow rate of diffusion there is always a marked 
difference in composition between the gases of 
the soil and of the air, especially in the propor- 
tions of carbonic acid. The atmosphere contains 
0^03 per cent of carbonic acid and 2097 per cent 
of oxygen ; the air of the soil may contain -3 of 
carbonic acid and 20-6 of oxygen". As the car- 
bonic acid is produced partly by micro-organisms 
and partly by plant roots, its amount varies with 
the temperature, being highest in summer and 
lowest in winter. (See Wollny, Die Zersetzung 
der Organischen Stoffe, p. 145;" and Lau, Bieder- 
mann's Zentralblatt, 1908, vol. xxx^vii, p. 433.) 

Diffusion is not the only way in which tlie 
air of the soil is changed. An actual flow of 
air from the soil is induced by a strong wind or 
by changes in barometric pre"ssure. Air is also 
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displaced by the water of a sharp shower sink- 
ing into the ground ; indeed the bubbling of 
the air through the water can often be heard 
after the shower has stopped. As the water 
runs away into the subsoil, air again enters to 
take its place. 

§ 26. The Movement of Water in the Soil. 
— The factors regulating the movements of 
water in the soil are more complex than those 
regulating the movement of air ; not only are 
the pore spaces involved, but also the surfaces 
of the soil particles and the amount of organic 
matter present. The surface of a liquid pos- 
sesses certain special properties, in consequence 
of which the liquid wetting a dry clean solid 
tends to spread over as large an area as possible. 
This tendency is checked, or may even be put 
out of action, if anything such as grease is pre- 
sent which hinders or prevents the wetting of 
the solid. Water moves freely over the surface 
of clean, but not of greasy sand, while it will 
only with difficulty moisten dry peat or dry 
gaiden soil. Dry arable soils are more readily 
moistened, but the water does not spread far 




Fig. 1. — Diagram showing water Alms round solid 
particles. Water tends to pass from A, where the film 
is thiclt and the curvature flat, to B (§ 26). 



unless it is in considerable excess ; a moist layer 
of soil may remain for a long time in contact 
with a dry layer without any even distribution 
of water taking place. But the case is altogether 
different when the particles are already moist. 
One of the results of the surface tension of liquids 
is that the liquid on wet particles in contact 
with one another passes from places as at a 
(fig. 1), where the capillary films are thick and 
consequently the curvature flat, to places as at 
B, where the films are thin and consequently 
the curvature is sharp. The forces involved are 
much greater than that of gravity ; the water 
is held up and does not sink. Thus throughout 
a moist soil that is quite uniform in texture the 
water tends to distribute itself evenly. It may 
take a long time about this process because of 
the resistance to its movement, and in pi'actice 
the even distribution may never be realized ; 
but the tendency is always there. Unfortu- 
nately no experimental demonstration has yet 
shown how far it is an important factor in the 
distribution of water. In any case, once water 
reaches a particle it remains there. There is, 
however, a limit, depending on the extent of 
the soil surface, to the amount of water that can 
be held in this way. When this limit is reached 
any further quantity of water soaks through 
and is said to percolate. We may therefore dis- 
tinguish three conditions in which water may 
occur in the soil: (1) water held in quasi-chemi- 
cal combination, the so-called hygroscopic mois- 
ture, of no value to the plant (§38); (2) the 
water adhering to the surfaces of the particles 



by surface tension, which tends to distribute 
itself in the soil in all directions ; (3) the free 
water, which, not being held, sinks in the soil 
and passes into the drains or the subsoil. Three 
cases commonly arise in practice ; — 

(a) Coarse Handy Soil. — Eain readily perco- 
lates by reason of the large spaces. The amount 
adhering to the surface is not very great because 
of the small total soil surface (see § 3). The 
films surrounding the particles are only thin, 
too thin indeed to move readily. Evaporation 
is also taking place, and makes the films still 
thinner. Only where there is enougli free water 
for the films to be fairly thick will there be 
much water movement of the kind we have just 
been describing. Soils of this nature, therefore, 
do not remain moist long after a shower, unless 
the water-level happens to be near the surface. 
Their productiveness depends very much on how 
far the rainfall is uniformly distributed over the 
growing season. 

(b) Clay Soil. — In a clay soil, on the other 
hand, the particles are very much smaller, but 
there is a largely increased surface. In conse- 
quence, the amount of water that can be held is 
increased ; indeed a clay soil will often be found 
to contain twice as much water as a sandy soil 
close by. But the particles are so closely packed 
that the movement of the water films is seri- 
ously impeded. Thus a clay soil may be satu- 
rated with water at a short distance down and 
yet on its surface show every sign of drought. 
Matters are improved by flocculating the clay 
by lime or skilful cultivation ; or, on the other 
hand, they become much worse when the soil is 
badly managed so that the clay becomes defloc- 
culated (§ 3). One of the advantages of autumn 
ploughing is that the rainwater has a better 
chance of soaking into the soil, instead of lying 
about in pools all through the winter. 

(c) The third case is presented by the inter- 
mediate types of soil, where the total surface, 
and therefore also the water held by the sur- 
face, is greater than in sand but less than in 
clay. The pore spaces are large, and there is 
therefore more chance for water to distribute 
itself both by percolation and by the transfer- 
ence of water from particle to particle. The 
water supply is therefore better than in either 
of the other types of soil. 

§ 27. The amount of water retained by the 
soil is considerably increased by the addition 
of organic matter. The water held by the 
dunged plot on Hoos field, Rothamsted, and 
the neighbouring plots receiving no dung, was 
found to be; — 



Dunged plot ... 
Oomplete artificials . 
Unmanured ... 



April 6, 
1909. 



20 
13-7 
131 



Jlav r, 
1909. 



18-0 
13 '2 

12-0 



July 6, 
1909. 



207 
14-9 
13-6 



Oct. 28, 
1909. 



23-3 
18-9 

17-8 



By using large amounts of dung, market gar- 
deners are able to utilize to advantage light 
sandy soils. But it has been pointed out that 
organic matter increases the difficulty of wet- 
ting the soil; and in old garden soils this diffi- 
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ctilty sometimes becomes so marked that the 
plant fails to get a proper water supply. Such 
soils are said to be 'woi'ii out'; they may be 
lenovated b}' heavy dressings of virgin loam. 

We have seen that when rain falls on the 
soil it distributes itself throughout the soil ; 
every particle holds a certain amount, and the 
whole quantit}' held in every inch of soil de- 
pends on the surface of the particles and the 
amount of organic matter. As the surface soil 
contains far more organic matter than the sub- 
soil, there is a tendency for the water to remain 
near the surface ; but during the autumn and 
winter months more rain falls than can be held 
there, and a certain amount percolates, reaching 
the drains and finally the rivers. The whole 
process is slow. The rainfall in the Thames 
valley is at a maximum in October, but the 
liver is only at a maximum flow five months 
after; the rainfall is at a minimum in April, 
while the river does not reach its minimum 
flow till September. Even at the surface it is 
not rapid ; drains will often not start running 
till some time after a heavy rain ; if the land 
receives much dung they may not run at all. 

§ 28. The water held by surface tension con- 
stitutes the supply for the plant, and has there- 
fore to be carefully conserved. Evaporation 
from the surface of the soil and from the in- 
terior causes serious loss, amounting at Botham- 
sted to about 18 in. each year. The evaporation 
from the surface, which is by far the greatest 
amount, can be reduced by windbreaks, by a 
covering of vegetable matter,shade-givingplants, 
or even a layer of dry soil. High hedges act 
as windbreaks and keep the roads from drying : 
they are therefore discouraged by the authorities. 
The protecting effect of a layer of dry soil (made 
by hoeing or by surface cultivation) is utilized 
in temperate climates, both in regions of mode- 
rate and of low rainfall, for keeping the soil 
moist enough to produce a crop. In tlie Tropics 
the best method for keeping down evaporation 
is to shield the soil by means of shade-giving 
crops; whilst in ordinary garden practice, mulch- 
ing with dung, straw, &c., may be suitable. On 
the other hand, anything which opens up the 
soil increases the amount of evaporation. The 
use of long dung on light land in a dry season 
is known to be injurious (see art. Cultivation, 
Effect on Soil). Thus we can to a certain 
extent control the fate of the water in the soil. 
The water-holding capacity of the soil can be in- 
creased by adding organic matter, e.g. by adding 
dung, ploughing-in green crops, or feeding crops 
on the land. A larger proportion of the rain is 
now held near the surface, and a smaller amount 
lost by percolation. Loss by evaporation is re- 
duced by surface cultivation or by mulching. 
Further, water is held below the surface layer 
by keeping the lower depth compact. These 
are the principles underlying ' dry farming ', 
which has been practised from time immemorial 
in arid regions. In Syria, where no rain falls 
from April to October, the peasants plough to 
a depth of 4 in. only, and then put seed into the 
firm layer below, which is always moist. The 
same principles can be traced in the methods 
in vogue amongst the natives of the dry parts 



of India. Dry farming is being much developed 
in the United States and Canada, wheie special 
instruments are in use for compacting the lower 
soil and making a loose layer on the suiface. 
Often the land is only cropped once in two years, 
and is kept well cultivated during the interval 
to preserve for the crop as much as possible of 
the two years' water supply. 

§ 29. It would be interesting to ascertain 
whether the permanent water-level aff'ects the 
fertility of the soil if it is well below the root 
range of the plant. There are many instances 
of light soils being productive when the water- 
level is some 50 ft. or more below the surface, 
whilst on some of the heavier soils the water- 
level may be 150 ft. down or even lower. The 
pumping operations going on all round London 
are lowering the water-level in the chalk from 
12 to 18 in. each year. "Will this in time affect 
the productiveness of the soil above ? It cannot 
be said that we know sufficient to answer this 
question. The amount of water held by the 
surface of the soil is considerable, and the per- 
colation of the rest is so slow that a saturated 
zone easily forms near the surface. Possibly 
this is all the plant ever gets. It is this satu- 
rated zone that sets the drains running, even 
though the water-level in the wells ma}' be many 
feet down. We must again repeat that there 
is no direct experimental evidence to show how 
far the undoubted tendency to move upwards 
from the permanent water-level is a factor in 
determining soil fertility. 

§ 30. The percolation through the soil is down- 
wards; there is not much movement sideways. 
On Dungeness, a low-lying sandy and pebbly 
level stretching out into the sea, the water fronr 
the cottagers' wells sunk quite close to the sea 
is practically pure rain water, showing no signs 
of admixture with sea water. Further, it is a 
common experience that one can see 'to an inch' 
where a soluble fertilizer like nitr'ate of soda 
has gone. But the dii-ectiou of percolation may 
always be altered by a bed of impermeable rock; 
the water may be thrown out to form a spring 
or may drift underground. In any case there 
is always an underground drift along sloping 
ground, so that the valley is moister than the 
higher ground. 

§ 31. There is a certain amount of distillation 
of water from the lower to the upper layers of 
soil whenever the lower soil is warmer than the 
upper. This happens frequently, but its effects 
are very noticeable in dry regions during the 
cold nights following after warm days. Not 
all the water condenses in the surface soil; some 
passes as vapour into the cold air and condenses 
there. Thus is formed the night mist so much 
extolled by the old Eastern writers : ' the mist 
that went up from the ground and watered the 
whole face of the earth '. 

§ 32. The Temperature of the Soil. — The 
temperature of the soil depends on the amount 
of heat it receives, and on the way the heat is 
used. The heat comes of course from the sun, 
but some is absorbed on the way by the air 
and the moisture in the air, so that the amount 
finally reaching the earth's surface depends on 
the climate. The amount received on any given 
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area of ground depends on its slope with respect 
to the sun's rays; a square yard of level ground 
at the Equator receives more than a squai'e yard, 
also level, in a northern latitude. In the latter 
case an alteration in the slope increases the 
amount received up to the point where the 
sun's rays strike vertically; but even then the 
amount is far less than at the Equator by reason 
of the greater thickness of air traversed. If 
the slope is the other way, i.e. to the north 
instead of the south, there is a still further 
decrease in the heat received per square yard 
(see hg. 2); the difference in temperature be- 
comes very inipoi'tant in districts where early 
produce is raised. In some cases, as in Jersey, 
a south slope fetches a higher rental than a 
north slope. Ridging land also increases the 
surface exposed to the sun and therefore warms 
it. On the other hand, soil shielded from the 
sun's rays is cooled during spring and summer ; 




Fig 2.— Diagram indicating, by tlie tliiclcness of the lines, tlie relative amounts 
of lieat received per square yard at tlie Equator (A B); in Nortliern latitudes on 
level ground (CD, DE); on ground sloping to the South (c F) and to the North 
(FEI. OF receives less heat than AB because of the greater thickness of the 
atmospheric layer which has to be traversed (§ 32). 



thus forest soils are the coolest, pasture soils 
come next, whilst arable soils not covered with 
a crop are warmest. In winter, however, the 
reverse obtains, as we shall see later on. 

§ 33. The heat falling on to a surface of soil 
is not all absorbed; part is reflected back into 
space. Black surfaces absorb most heat ; the 
practice of dressing fields with soot in spring 
therefore tends to increase the temperature 
besides supplying nitrogenous manure. White 
surfaces reflect most heat, however, and there- 
fore a white soil is cooler during hot summer 
weather than a black one. 

§ 34. The soil is always giving out heat by 
radiation, even on the hottest day. During a 
warm, sunny day it receives more than it gives 
out, but on a cool night or in winter it gives 
out more than it receives, and so its tempera- 
ture falls. Still more serious is the loss of heat 
arising from the contact of cold air particles ; 
as the air touches the warm surface of the soil 
it takes away some of the soil heat and rises, 
giving place to more air, which robs a further 
portion of the soil heat. This is called loss of 
heat by convection. Both sources of loss are 
diminished if the soil is covered with a crop, 
or a mulch, or a loose snow layer. Thus, in the 
winter time, mulched land is warmer than open 
land, and grass land is warmer than arable. But 



a mulch reduces the temperature in spring by 
keeping off the sun's I'ays, and in garden prac- 
tice where autumn mulching is adopted it must 
be removed or dug in before the sunny weather 
starts. Loss by convection is greatest when a 
cold wind is blowing. Shelter from cold winds 
is therefore an important factor in determining 
soil temperature. 

§ 35. So far we have only been dealing with 
the temperature changes at the surface of the 
soil. It is necessary, however, to follow the 
changes in the soil itself, or at any rate in the 
top 6 in. where the plant roots develop. Heat 
penetrates into the soil in two or three w'a3's. 
A certain amount is conducted, just as heat is 
conducted along a poker one end of which is 
in the fire. This process is only possible where 
the particles are in contact, hence a compacted 
soil conducts heat better than a loose one. Thus 
rolling land in spring warms it, while hoeing 
in summer cools it ; further, 
>^ compact land is colder in 

\ winter than loose land. A 

\ moist soil is a better conduc- 

tor than a dry one, because 
water makes a better con- 
ducting layer than air. 

Conduction takes so long 
that the temperature of the 
soil never equalizes itself at 
different depths. There is 
always a difference between 
surface and subsoil. From 
September to March the 
subsoil is warmer than the 
surface soil, and thus the 
soil is being warmed from 
below. 

The heat reaching the soil 
is utilized partly in raising 
its temperature and partly in causing evapora- 
tion of the soil water. The quantity required 
for raising temperature depends partly on the 
specific heat of the soil, but mainly on the 
amount of water, since 1 lb. of water requires 
as much heat to warm it one degree as 6 or 8 lb. 
of soil. But the heat required to evaporate 
water is far in excess of that required to warm 
it : the evaporation of 1 lb. of water takes as 
much heat as would warm 1 lb. of dry soil 90° 
F. Thus the evaporation of water from the soil 
not only leads to a loss of water, but to a much 
more serious loss of heat; it is a wasteful pro- 
cess, without any compensating advantages as 
far as is known. A dry soil may warm less 
quickly, but it warms to a greater extent than 
a wet soil; draining a soil will therefore always 
warm it. 

§ 36. We may sum up the factors concerned 
as follows : — 

(1) The heat all comes from the sun and strikes 
the surface of the earth. The slope of the surface 
is therefore important. 

(2) Part is reflected and part absorbed, the 
amount absorbed depending on the colour of 
the soil. 

(3) Some is lost by radiation, and more by the 
passage of cold air over the surface. 

(4) Heat travels into the soil by conduction, 
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which is greater the more perfect the contact 
between the particles, i.e. the more compact the 
soil. 

(5) The eiFect of the heat depends on the 
amount of water present ; a wet soil requires 
considerable heat to raise its temperatuie, and 
uses up still more heat in bringing about eva- 
poration. 

The effect of these various factors may be 
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■ Air Temperattire 

' Soil Temperature at I foot deep 

■ Soil Temperature at 4 feet deep 



Fig. 3.— Curves showing temperatures of sandy soil, clay, 
and chalk soil (Mawley) (§ 36). Observe that (a) the clay 
1 ft. is colder than the air until June, but from then onwards 
it has the same temperature ; (&) the clay at 4 ft. is warmer 
than the air and the surface soil from September to March; 
<c) the sandy soil at 1 ft. is warmer than the air except from 
December to JIarch ; in summer it is much warmer ; {d) the 
challi soil at 1 ft. is somewhat cooler than the air up to .June, 
and somewhat warmer afterwards ; (e) at 4 ft. sand and 
chalk temperatures behave like clay temperatures. 



very well seen by watching the melting of the 
snow. Even on an apparently uniform field 
the snow melts very irregularly in consequence 
of small differences of slope or shelter. If the 
fall of snow has come late so that the ground 
has been cooled beforehand, the snow lasts 
longer on the arable than on the warmer grass 
land; it lasts still longer on a footpath across 
the fields, which, being compact, has lost much 
of its heat by its superior conducting power. 
The reverse often holds, as one might expect, 



for an early fall of snow. Snow melts first along 
the lines of drainage and on the ridges, these 
being the warmest parts of the field. It often 
melts close to the ground, and while the upper 
surface remains intact, because of the heat con- 
ducted up from the subsoil. 

A sandy soil being drier, is warmer than a 
clay soil in spring and summer, but not during 
winter. Mr. Mawley has drawn up the curves 
given in fig. 3 expressing these relationships. 
Other results are quoted in art. Fertility. 

There is obviously no possibility of increasing 
the total supply of heat, but the following 
methods are in use in various circumstances 
for making the most of the available supply: — 
(1) The amount of heat received per square 
yard is increased by ridging; (2) the amount 
absorbed is increased by dressing with soot ; 
(3) the loss is reduced by (a) drainage, (6) mak- 
ing windbreaks. The temperature of the soil 
is raised in spring by rolling, and is kept down 
in summer by surface cultivation, by a growing 
crop or a mulch. 

The Soil in its Relation to the Plant 

§ 37. The Functions of the Soil. — In rela- 
tion to the plant the soil serves several functions. 
Among others (1) it affords anchorage for the 
roots ; (2) it supplies many of the elements of 
plant food; (3) it affords a continuous supply of 
water to the root; (4) it serves to keep the root 
cool during summer and warm during winter. 

In order that firm roothold should be provided 
for the plant it is necessary that the soil should 
be sufficiently compact. We can thus explain 
part of the beneficial effect of rolling wheat or 
grass in spring, especially after frost has loosened 
the ground. 

Th« plant derives its nitrogen and its mineral 
matter from the soil. The amount it takes up 
is not great — ordinary farm crops take 50 to 
100 lb. of nitrogen,! 20 to 30 lb. of phosphoric 
acid, 30 to 100 lb. of potash^ per acre, quantities 
far smaller than actually exist in the soil. Few 
soils will contain less than 2500 lb. of nitrogen 
on the top 9 in. — this is the amount present on 
the Eothamsted plot cropped every year without 
any manure since 1839 — and yet in most cases 
addition of the 18 lb. of nitrogen contained in 
1 cwt. of nitrate of soda will lead to an increased 
crop. We are thus led to conclude that a large 
part of the combined nitrogen of the soil is of 
no use to the plant. In like manner the amounts 
of phosphates and of potash in the soil are much 
in excess of anything the plant can ever require; 
yet it will often happen that a few additional 
pounds in the form of some artificial manure 
lead to an increased plant growth. The amounts 
of these substances in the soil actually serviceable 
to the plant are clearly nothing like as great as 
the total amount, and a distinction is therefore 
made between the 'available' and the 'unavail- 
able' plant food in the soil. 

The distinction is not a very sharp one. At 
Eothamsted, where wheat and barley are grown 

1 Cereals take about 50 lb.; mangolds (22 tons) about 100 in 
the roots. 

2 22 tons of mangolds contain 222 lb. of potash in the roots. 
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in adjoining fields under apparently identical 
conditions, the wheat finds in the soil all the 
phosphates it wants, while the barley does not. 
Consequently wheat does not respond to dress- 
ings of superphosphate, while bai'ley stands in 
great need of it. The amounts of phosphate 
actually contained in the two crops are practi- 
cally the same (about 21 lb. of P2O5 in average 
crops): the difl'erence is due to some peculiarity 
in the plant itself. These and parallel cases 
show the impossibility of sorting out the soil 
into two parts, one being available plant food 
and the other not available. Any potassium 
compound that will dissolve in the soil water is 
to that extent a possible plant food. Experi- 
ments with various potassium minerals show 
that they can all supply some food to plants ; 
all are available, but in very varying degrees. 
The only possible measure of the available plant 
food would be the product of the surface and 
the solubility of the various soil compounds. 
Potash presents us with the simplest case in 
which 'availability' is the same as 'solubility' 
so far as is known. The phosphorus compounds 
afl'ord a more complicated case. The soil con- 
tains phosphates of varying solubility and there- 
fore availability, but it also contains other phos- 
phorus compounds, the actual nutritive values 
of which differ among themselves. Thus the 
organic body lecithin is said to be a useful plant 
food, whilst nuclein has much less value. Nitro- 
gen furnishes perhaps the most complex case of 
all. The simple compounds that serve as plant 
food are all of them produced by bacterial action 
fi'om more complex compounds, and probably 
all of them are converted into nitrates before 
the plant gets hold of them. The actual amount 
of nitrogenous plant food produced therefore 
depends on the activity of the bacteria as well 
as on the nature of the complex compounds. A 
possible classification would be based on the age 
of the organic matter, fresh organic matter being 
more likely to decompose and yield plant food 
than old; but no j^ractical method has been de- 
vised. 

In practice, an estimate of the available potash 
and phosjDhoric acid is obtained by extracting 
with a dilute acid. One-per-cent citric acid is 
used in England, but others are adopted else- 
where (see Soil Analysis). The results are 
necessarily only comparative, and merely enable 
us to compare one soil with another. No esti- 
mate of the 'available' as distinct from the total 
nitrogen is usually attempted. 

§ 38. Water Sxi-pply. — Water is an essential 
plant food, and forms 90 per cent of the weight 
of the growing crop ; it also keeps the plant 
turgid. It is equally necessary in the soil itself. 
It dissolves the foodstuffs in the soil to make the 
solution on which the plant feeds. It is also 
wanted by bacteria ; indeed the amount of de- 
composition they eflect and of plant food they 
produce is largely regulated by the amount of 
water present. Soils vary considerably in the 
amounts of water they supply to the plant. A 
sand gives up almost all it has, retaining only 
about 2 parts for every 100 of dry soil. A clay 
may keep back as much as 10 per cent, while a 
peat keeps back something like 50 per cent. So 



far as the plant is concerned, a sand containing 
12 per cent of water might be just as moist as 
a clay containing 20 per cent or a peat contain- 
ing 60 per cent. Heinrich grew plants in pots 
of various soil, and finally left them without 
water till they wilted. At this stage the soils 
were found to contain the amounts of water 
shown below: — 



Water pee 100 op Dey 


Soil 




Present in the 

Soil when 
Plants Wilted. 


Absorbed from 
Moist Air. 


Coarse sandy soil 
Sandy garden soil 
Fine humus sand 
Sandy loam ... 
Calcareous soil 
Peat 


1-5 
4-6 
6-2 

7-8 

9-8 

49-7 


1'15 
300 
3-98 
5-74 
.5-20 
42-30 



The 'unavailable' water is mainly 'hygroscopic 
water', i.e. the water still retained by the soil 
after it has been dried in air, or, what is nearly 
the same thing, the amount of water absorbed 
from moist air. This depends on the amount of 
decomposing organic matter and on the total sur- 
face of the soil, factors which, as we have seen, 
profoundly affect other properties determining 
the fertility of the soil, such as water supply, 
temperature, production of plant food, and so 
on. Thus there is something to be said for 
Davy's view that the amount of moisture ab- 
sorbed from damp air afl'ords a comparative 
index of the fertility of the soil. 

A second factor influencing the amount of 
water supplied to the plant is the amount of 
soluble matter in the soil. Water passes from 
the weaker solution to the stronger, and only 
goes from the soil to the plant so long as the 
plant sap forms a more concentrated solution 
than the soil moisture. If a plant is put into a 
strong sugar solution it quickly wilts, the water 
flowing outwards from the plant. So wet, boggy 
ground containing a good deal of soluble matter 
does not actually yield a great deal of water to 
the plant. 

The water supply has a profound effect on the 
native vegetation. Soils where drought con- 
ditions prevail — sands because of their coarse 
structure, peats because of their own powers 
of sticking to water — carry a vegetation with 
narrow leaves adapted to small transpiration. 
On sands we find the Conifers, Ericas, &c. On 
clays and soils well provided with water we find 
a broader-leaved type of plant requiring much 
more water. 

So long as the temperature and air supply re- 
main favourable, the greater the water supply 
the larger will be the total crop. The leaves 
are kept distended, and the plant can make the 
most of the food supply in the soil. Copious 
water supply, however, tends to leaf production 
and a delayed harvest. Fig. 4 shows two pots 
of wheat, one of which had been kept well sup- 
plied with water, whilst the other had been kept 
much drier: the difference in stage of maturity 
and in size of plant is very striking. 

§ 39. The Temperature. — We have already seen 
that the temperature relationships of a soil are 
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conditioned by the amount of water usually pre- 
sent. The same factor largely determines the 
heat supply in relation to the plant, or, in other 
words, the 'earliness' or 'lateness' of a soil. An 
early soil is dry, and therefore warms up more 
in spring and summer than a moister soil ; it 
is almost invariably a sand, which in any case 
warms more quickly than a loam or a clay. The 
tendency for cold air to drift down slopes or to 
collect in hollows causes vegetation in low-lying 




places to suffer from frost, and is probably one 
of the reasons why animals prefer to lie on the 
highest parts of the field. 

§ 40. Calcium Carbonate. — This substance 
occupies a special position among soil constitu- 
ents for three reasons: (1) It determines the 
reaction of the soil; in its absence the soil may 
be acid, and therefore unsuitable for many agri- 
cultural crops and bacteria, but suitable for cer- 
tain moulds and fungi, such as the fungus 
causing finger-and-toe, which do not flourish in 
neutral soils. 

(2) It modifies the texture of the soil, and thus 
improves the air and water supply. A clay soil 




20 per cent of water present 



B 
12 per cent of water present 



Fig. 4. 



-Effect of water on the development of wheat. In A the plants were green, with large well-developed leaves, 
but no corn. In B the plants were yellow and in full ear. (June, 1908) [§ 38] 



without calcium carbonate may produce nothing 
but grass, wheat, and beans. After addition of 
calcium carbonate a much larger range of crops 
becomes possible. 

(3) Unlike the other soil constituents, it may 
be entirely absent from the soil, and in fact large 
areas all' over the world are entirely destitute 
of it. 

Certain plants cannot tolerate calcium car- 
bonate; others, including practically all agri- 
cultural crops, require it. Some will tolerate 
large quantities. Thus we find a chalk soil has 
a very distinct flora of its own, characterized by 
large numbers of flowering plants, by beeches, 
yews, &c. The amount necessary depends on 
the type of soil : very little suffices on a sandy 



soil ("05 per cent in some cases), but more is 
necessary on a clay ('5 per cent or more). 

§ 41. The Action of the Plant on the Soil. 
— The plant acts in two ways on the soil: — 

(1) Its roots give off carbonic acid, which is 
capable of dissolving various minerals, e.g. it 
etches a slab of marble placed in soil in con- 
tact with the plant roots. Czapek's numerous 
observations furnish no evidence that any other 
acid is excreted. 

(2) As already pointed out (§ 18), it decom- 
poses the nitrates to form carbonates, and thus 
tends to conserve the calcium carbonate and 
prevent the soil becoming acid. 

§ 42. Soil Bacteria in their Relation to 
Plants. — Bacterial action is on the whole bene- 
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ficial to plants in removing the useless dead re- 
mains and converting them into humus and plant 
food. Plants in turn are beneficial to bacteria 
because they tend to maintain the faintly alka- 
line reaction well suited to bacteria. There are 
also special cases of plants being associated with 
particular micro-organisms. TheLeguminosseget 
their nitrogenous supply more readily through 
the activity of the nodule organisms than in any 
other way. Many trees have been shown by 
Stahl to have mycorrhiza on the roots, by means 



of which they obtain their food. It has been 
shown that seedling orchids will not grow unless 
a special organism is present in the soil ; for 
some reason not understood, the young root can- 
not do without the stimulus of the symbiotic 
organism. 

§ 43. There is some evidence that the amount 
of soluble mineral food in the soil increases 
under the influence of vegetation. Moore ex- 
tracted the following amounts of phosphoric acid 
fi'om pot soils in which maize was growing: — 



strength of Hydrochloric Acid 
Used. 


N/200. 


N/100. 


N/10. 


N/5. 


N. 


2N. 




Phosphoric acid found at be-\ 
ginning of experiment . . . / 
After two weelcs' growth 
,, three ,, 
,, four ,, 
,, five ,, 


7 

10 

12 

12 

9 


12 

16 
22 
21 
16 


81 

108 
128 

88 


185 

219 
161 


350 

410 
334 


452 { 

516 
494 


Parts of PoOj per 
million of soU. 



(Journ. of American Chem. Soc. 1902, vol. xxiv, p. 109.) 



Inherent Fertility and Condition 

§ 44. It is difficult to give any exact definition 
of fertility beyond the general statement that 
a fertile soil is one in which plants grow well. 
When more precise description is attempted, diffi- 
culties arise because of differences in plant re- 
quirements; the soil may be well suited for one 
plant but not for another. It is quite possible 
that every soil is fertile for some crop, although 
the particular crop may not happen to be sale- 
able. This fact is recognized by the practical 
man, who will distinguish soils as good wheat 
soils, good barley soils, and so on. 

The difference in plant i-equirements is, how- 
ever, only one of degree and not of kind. All 
plants require (1) food, (2) water, (3) air, (4) 
warmth, (5) absence of injurious substances, 
generally secured by the presence of sufiicient 
calcium carbonate. All these requirements are 
equally important; if any one of them is unsatis- 
fied, the soil is to that extent infertile. Excess in 
any one direction does not entirely compensate 
for deficiency in any other. No matter how 
much plant food the soil contains, it may be in- 
fertile if its water supply is deficient or if some 
harmful substance is present. A good water 
supply will enable the plant to make the most of 
the foodstuff present, but it becomes a hindrance 
if the air supply is deficient or the tempera- 
ture too low. Nitrate of soda is an exceedingly 
valuable manure in moist climates, but in dry 
regions it is often without efiect; the productive- 
ness being limited by the deficient water supply. 
At Indian Head, Sask., where the rainfall is 
only 16'6 in. per annum, dressings of 100 lb. 
and 200 lb. per acre gave no increased crop; 
similar results are also obtained in some of the 
dry regions of South Australia. In all soils we 
must expect to find one or more limiting factors, 
which must be put out of action before increases 
in fertility can be looked for. 

§ 45. The quantity of plant food in the soil 

depends partly on its origin and partly on the 

temperature, water and air supply. The mineral 

substances, potash, phosphoric acid, and calcium 

Vol. XI. 



carbonate form part of the original soil. The 
organic matter and nitrogen compounds, on the 
other hand, are mainly recent products of living 
organisms. The more the conditions are favour- 
able to bactei'ial activity the more rapid will 
be the decomposition of organic matter and the 
production of valuable nitrates, humus, &c. 

The water supply depends on two factors: (1) 
on the behaviour of the soil to the lain that falls 
on it; (2) on the underground flow of water if 
there is any. We have already shown that the 
first of these factors is regulated by the texture 
of the soil. The ideal condition is for the soil to 
be uniformly moist, not too wet nor too dry, nor 
liable to quick changes in water content, which 
plants will not tolerate. The subsoil is equally 
important. A soil which might in itself be ex- 
pected to be fertile may prove poor because it 
lies on an impervious bed of rock or clay, or be- 
cause it is overdrained by a pebbly subsoil. The 
best results are obtained when the subsoil is 
similar in type to the surface soils but a little 
finer grained. The underground drift of water 
is usually only an important factor in soils situ- 
ated at the foot of a long slope, or in valleys 
which receive the underground water from the 
higher land in addition to their own proper 
share of rainfall. The water is not pure, but 
contains dissolved mineral matter, calcium bi- 
carbonate, nitrates, &c., of distinct value as 
plant food. Land thus situated is therefore at 
a double advantage in comparison with high- 
lying land. 

In soils of sulficiently open texture the air 
supply is usually good ; and, as we have already 
seen, if the air and water supply are satisfac- 
tory, the tempei'ature is also. 

§ 46. The texture of the soil thus constitutes 
a highly important factor in fertility. It is 
regulated by the proportions of sand, silt, fine 
silt, clay, &c., and by the condition in which 
the clay exists. Different crops require dif- 
ferent conditions ; a type of soil best suited to 
one crop does not necessarily prove best for 
another. Certain crops, like wheat and oats, are 
very adaptable, and may flourish on most types 

161 
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of soil ; others, like barley, turnips, potatoes, 
&c., are much more specialized in their i-equire- 
raents, and therefore restricted to a particular 
type of soil. Table I shows the mechanical 
analysis of a number of soils in Kent, Surrey, 



and Susse.x; known to be specially appropriate 
to certain crops. Of course the i-esults have to 
be considered in relation to other factors, such 
as elevation, rainfall, &c. Many good soils may 
remain in woodland because their elevation 



Table I.— Soils in Kent, Sussex, and Sureet well suited to Certain Crops 
(From The Soils of Kent, Sussex, and Surrey, by A. D. Hall and E. J. Russell) 

Wheat Soils 



Formation ■ 
Locality | 


Thanet 
Sand. 

Chislet. 


Upper 
Green- 
sand. 

Beiitley. 


Brick 
Earth. 

Oving. 


Clay with 
I'lints. 

Loyterton. 


Clay with 
Flints. 

Coulsdon. 


London 
Clay. 

Tolworth. 


Alluvium. 

Orgars- 
wick. 


\yeald 
Clay. 

Wood- 
church. 


London 
Clay 

Sheppey.* 


Fine gravel 

Coarse sand 

Fine sand 

Silt 

Fine silt ... 

Clay 


1-4 

5-8 

35-2 

3G-5 

8-1 

13-0 


6-6 
5-4 
29-7 
29-0 
14-5 
14-8 


1-2 
1-6 
19-3 
42-7 
16-1 
19-1 


1-3 
1-2 
35-7 
29-0 
11-0 
21-8 


2-4 
6-8 
31-4 
24-3 
11-4 
23-7 


0-5 
15-1 
301 
13-3 
131 
27-9 


0-6 
0-0 
35-9 
22 '1 
17-0 
24-4 


0-7 
30 
171 
28-2 
27-6 
23-4 


0-7 
0-4 
21-0 
1.5-9 
18-2 
43-8 



' This last analysis represents a soil on which good wheat used to be gi'own, but which has now been 
laid down to grass for many years. 



Barley Soils 



Formation-! 
Locality | 


Lower 
Green- 
sand. 

Shal- 
ford. 


Lower 
Green- 
sand. 

Eashing. 


Thanet 
Sand. 

Gold- 
stone. 


Lower 
Green- 
sand. 

Repton. 


Thanet 
Sand. 

Chislet. 


Brick 
Earth. 

Shop- 
wyke. 


Chalk. 
Minster. 


Lower 
Green- 
sand. 

Alding- 
ton. 


Clay 
with 
Flints. 

Loyter- 
ton. 


Chalk. 

Sutton by 
Dover." 


Fine gravel 
Coarse sand 

Fine sand 

Silt 

Fine silt 

Clay 


2-7 
56-2 
28-0 
5-2 
3-8 
41 


1-2 

52-9 

21-4 

71 

71 

10-3 


0-2 

16-4 

48-2 

18-6 

7-0 

9-6 


2-8 
15-2 
48-8 
15-5 

7-2 
lOo 


1-4 

5-8 

3.5-2 

36-5 

81 

13-0 


0-8 
1-0 
30-8 
33-5 
20-2 
13-7 


0-6 

9-7 

38-4 

27-9 

7-4 

16-0 


11 
19-9 
34-1 
11-3 
11-3 
22-3 


1-3 
1-2 
35-7 
29-0 
11-0 
21-8 


0-6 

1-8 

lG-4 

24-7 

7-6 

27-7 



* Though this soil contains a rather hiah proportion of clay for barley, it is kept open and easy-working by the 
large amount (20 3 per cent) of carbonate of lime that is present. 

Potato Soils 



Formation -j 
Locality | 


Thanet 
Swanley. 


Lower 
Greensand. 

Nutfleld. 


Bagshot. 
Bisley. 


Thanet. 
Teynham. 


Bagshot. 
Claygate. 


Thanet. 

Green- 
hithe. 


Chalk. 
Minster. 


London 

Clay. 

Ches- 
sington.* 


Fine gravel 

Coarse sand 
Fine sand ... 

Silt 

Fine silt 

Clay 


1-3 

10-9 

62-3 

14-2 

5-4 

5-9 


3-2 
50-8 
25-0 
3-8 
9-6 
7-6 


0-2 
30-9 
49-7 
5-6 
6-1 
7-5 


0-5 

15-9 

51-8 

161 

5-8 

9-9 


0-8 
27-2 
42-2 
12-3 

6-7 
10-8 


0-3 
2-2 

75-2 
4-0 
5-4 

12-9 


0-6 
171 
36-4 
24-6 

6-8 
14-5 


0-7 
19-3 
35-8 
16-9 
10-2 
171 



* Heavy for potatoes, but lightened by good drainage, lime and dung. 
Fruit Soils 



Formation 1 
Locality 1 


Bagshot 
Sands. 

■iVisley. 


Thanet 
Sands. 

Swanley. 


Thanet 
Sands. 

Selling. 


Brick 
Earth. 

Wickhara. 


Kentish 
Rag. 

East 
Farleigh. 


Chalk. 
Minster. 


Clay with 
Flints. 

Molash. 


■\Vealden 
Beds. 

Rolvenden. 


Weald 
Clay. 

Sutton 
■Valence.* 




Only 

nursery 
stock. 


Straw- 
berries. 


Mixed 
fruit. 


Mixed 
fruit. 


Mixed 
fruit. 


Mixed 
fruit. 


Cherries, 
Apples. 


Apples, 

Black 

Currants. 


Apples, 
bad. 


Fine gravel 

Coarse sand 

Fine sand 

Sdt 

Fine silt ... 

Clay 


01 
18-1 
70-1 
3-8 
41 
3-8 


1-3 

10-9 

02-3 

14-2 

5-4 

5-9 


0-8 

5-3 

60-3 

15-4 

6-2 

12-0 


0-4 

0-9 

32-4 

46-7 

8-4 

11-2 


2-7 
10-9 
35-3 
22-8 
12-9 
15-4 


0-7 

9-7 

38-3 

27-9 

7-4 

16-0 


1-4 
1-6 
39-2 
29-2 
11-9 
16-7 


0-4 
0-7 
27-3 
33-3 
21-9 
16-4 


2-3 
4-4 
12-5 
151 
25-9 
39-8 



' This soil is really too heavy for fruit, though apple orchards are found upon it. 
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Hop Soils 



Formation i 

LOOAIITY -j 


Thanet 
Sand. 

Newing- 
ton. 


Alluvial. 
Yalding. 


Thanet 
Sand. 

Barton. 


Brick 
Earth. 

Teyn- 
ham. 


Lower 
Green- 
sand. 

East 
Farleigh. 


Clay 

with 

Flints. 

Loyter- 
ton. 


Brick 
Earth. 

Ickham. 


Upper 
Green- 
sand. 

Bentley. 


Weald 
Clay. 

Kolven- 
den.* 


Weald 
Clay. 

Wood- 
chui-ch.* 


Wad- 
hurst 
Clay. 

Ewhurst* 


Fine gravel 

Coarse sand 

Fine saud 

Silt 

Fine silt .. 

Clay 


0-5 
18-2 
Gl-6 
8-9 
4-3 
6-5 


3-5 
14-4 
44-0 
18-2 

9-9 
10-0 


0-3 

2-,5 

38-0 

39-6 

6-9 

12-7 


0-8 

2-4 

44-2 

29-6 

97 

13-3 


27 
11-0 
35-3 
22-8 
12-8 
15-4 


0-9 
1-3 

28-2 

46-5 

8-9 

14-2 


0-3 

0'8 
26-3 
477 

9-2 
157 


6-6 
5-5 
297 
29-0 
14-4 
14-8 


0-5 
0-6 
27-3 
33-3 
21-8 
16-5 


07 

3 

17-1 

28-2 
27-6 
23-4 


3-4 
2-1 
15-4 
23-8 
26-1 
29-2 



* These soils only grow the coarser varieties of hops successfully. 



makes them wet and cold. Soils which in East 
Kent (e.g. Loytertou and Aldington in the 
Table) with a rainfall of 24 in. grow excellent 
barley, prove too heavy in West Sussex with a 
rainfall of 35 in. or more. On the other hand, 
the Shalford barley soil would probably be 
barren waste under a smaller rainfall. A light 
soil under a heavy rainfall resembles a heavier 
one under a lighter rainfall. No amount of 
manuring or of management will secure good 
crops if the type of soil is not suited to the 
plant. Thus the Eothamsted wheat plots, even 
those receiving abnormally large dressings of 
manure, have only on two occasions (1864 and 
1894) given 50 bus., which on a good brick earth 
would be by no means an exceptional crop, even 
when grown, as usual in England, with but 
little manure. To each type of soil there is a 
limiting yield, beyond which the crop will not 
go. Attempts to make it by excessive manur- 
ing only result in ' laid ' crops, while crops of 
equal or greater size are standing well on the 
better soils. But the limit is not the same for 
all varieties ; and it is not unusual to find that 
one variety may do better than another under 
one set of conditions, but not so well under 
others. Hence the necessity for the plant- 
breeder's work. 

We are now in a position to describe more 
fully what constitutes a fertile soil. It must 
contain sufficient amounts of organic matter, of 
fairly soluble potassium compounds, phosphates, 
and calcium carbonate. There must be enough, 
but not too much, of the finest clay particles, 
as well as certain proportions of the coarser par- 
ticles. Exactly what these proportions should 
be depends on the crop and the rainfall. Some 
crops, like wheat, can do well on widely diiJerent 
soils ; others, like barley, require rather a special 
type, which, however, varies somewhat with 
the climate. In estimating the effect of rain- 
fall one general rule holds. The structure of 
the soil should be such that superfluous water 
is removed quickly, while a sufficient supply 
always remains for the plant. In regions of 
heavy rainfall much less of the finest material 
is necessary than in regions of moderate rain- 
fall. The position of the soil and the nature 
of the subsoil are of great importance. These 
various points are illustrated by the series of 
typical soils brought together in Table II on 
p. 52. 

§ 47. Indications of Fertility. — It is pos- 
sible by mere inspection of the land to form an 



opinion of its fertility. The native vegetation 
usually affords a safe index to the character of 
the soil : preponderance of narrow-leaved plants 
adapted to small transpiration, such as spurry, 
heather, conifers, &c., suggest drought condi- 
tions ; whilst strong - growing, broad - leaved 
plants, such as burdock and nettles, indicate 
more favourable water conditions. Spurry, corn 
marigolds, or foxgloves are a sign that calcium 
carbonate is absent. Ground ivy is often found 
on poor rabbit land, silver weed on chalk land. 
Certain trees, like elms, are found on fertile 
soils, oak on clays, conifers on sands, alder on 
wet marshy ground, beech and yew on dry 
chalk. The local value of the land affords 
another way of judging its fertility. It may 
be safely inferred that the land is poor where 
the roads and lanes are wide, with wide grass 
strips at the side and high straggling hedges, 
and where there are a number of commons. 
On the other hand, narrow roads and lanes and 
closely kept hedges are found on fertile land. 
Other indications may hold locally, but are not 
generally true. In many districts the presence 
of round, black pebbles would be taken to indi- 
cate fertile soil. What they really indicate, 
however-, is a particular geological formation 
which happens to give rise in those districts to 
a fertile soil. Elsewhere the same formation 
may prove much less fertile in spite of its black 
stones. Under Oxidation in Soils is described 
a laboratory method of gauging fertility based 
on the similarity in requirements of plants and 
of bacteria. Soils suited to the development of 
bacteria, and therefore showing high bacterial 
activity, are also well suited to plants. 

§ 48. Condition. — We have seen that the 
texture of the soil is largely regulated by its 
composition, but it is susceptible of a certain 
amount of change, especially in regard to the 
condition of the clay. A heavy soil can be 
made more like a light soil by treatment with 
lime, by judicious dunging, and by skilful cul- 
tival;ion, all of which processes flocculate the 
clay ; a light soil can be made more retentive 
by dung, folding, or green manuring. The 
amount of plant food can also be increased. All 
soils indeed can be improved by manuring and 
proper cultivation, or can be deteriorated by 
bad management. We thus have to distinguish 
that part of the fertility of the soil which is due 
to its structure, chemical composition, position, 
&c., from that which is due to human effort. 
The former is spoken of as the inherent fertility, 
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Table II. — Mechanical and Chemical Analysis of Ttpioal Soils with theie Subsoils 
(From The Soils of Kent, Svurrey, and Sussex, by A. D. HaU and E. J. Russell) 







Fertile Soils. 


Grassland. 


















Barren 


Light, 








Stiff 

Fertile 

Soil. 


Too heavy 


Locality 


Waste. 


Market- 
garden 
Soil. 


Loam. 


Strong Loams. 


to culti- 
vate. 


Sussex, 
Down 
Park. 


Kent, 
Swanley. 


Kent, 
Barton. 


Kent, 
Wye. 


Sussex, 

North 

Chichester. 


Surrey, 
Tolworth. 


Kent, 

Bethers- 

den. 


Geolooical Formation i 


Folkestone 
Beds. 


Thanet 
Beds. 


Thanet 
Beds. 


Brick 
Earth. 


Brick 
Earth. 


London 
Clay. 


Weald 
Clay. 


Mechanical Composition. 
















Surface Soils {0 in. -9 in.). 
















Fine gravel, above 1 mm. 


0-88 


1-20 


0-23 


1-04 


0-97 


0-41 


0-89 


Coarse sand, l-0'2 mm. 


59-74 


10-27 


2-30 


3-07 


1-35 


12-82 


1-52 


Fine sand, 0-2-0 04 mm. 


22-14 


58-68 


34-71 


27-26 


16-03 


25-54 


8-74 


Silt, 0-04-0-01 mm 


3-92 


13-37 


36-23 


40-07 


35-50 


11-30 


13-70 


Fine silt, 0-01-0-002 mm. ... 


3-88 


5-10 


6-35 


8-93 


13-39 


11-13 


31-62 


Clay, below 0-002 mm. 


2-76 


6-52 


11-58 


11-25 


15-91 


23-75 


27-83 


Subsoils (9 in. -18 in.). 
















Fine gravel, above 1 mm. ... 


1-65 


0-74 


0-04 


0-24 


0-46 


0-55 




Coarse sand, 1-0-2 mm. 


66-71 


10-57 


1-24 


1-96 


0-89 


6-72 




Fine sand, 0-2-0-04 mm. ... 


20-96 


57-47 


38-06 


25-39 


19-38 


15-46 




Silt, 0-04-0-01 mm 


2-90 


13-97 


28-96 


41-43 


35-85 


11-93 




Fine silt, 0-01-0-002 mm. ... 


3-93 


4-89 


7-96 


9-68 


12-77 


12-97 




Clay, below 0-002 mm. 


1-59 


6-08 


14-66 


14-57 


20-13 


36-44 




Chemical Composition. 
















Surface Soils (0 in. -9 in.). 
















Moisture 


1-36 


1-24 


2-27 


1-76 


3-32 


4-92 


4-87 


Loss on ignition 


6-40 


2-95 


4-32 


5-56 


6-58 


5-61 


9-24 


Nitrogen 


0-117 


0-100 


0-140 


0-226 


0-220 


0-241 


0-20 


Alumina (AI2O3) 


nil 


1-70 


3-46 


3-83 


5-50 


5-95 


8-60 


Oxide of iron (Fea^^s) 


2-38 


1-70 


2.56 


2-70 


3-05 


3-80 


6-33* 


Oxide of manganese (MujOj) 


till 


nil 


0-02 


nil 


0-06 


0-03 


0-02 


Magnesia (MgO) 


0-08 


0-23 


0-46 


0-26 


0-40 


0-97 


0-29 


Lime(CaO) 


0-13 


0-18 


0-67 


0-42 


1-79 


1-.51 


1-19 


Carbonates, reckoned as car-\ 
bonate of lime (CaCOs) .../ 


nil 


0-02 


0-18 


0-18 


0-75 


2-00 


0-84 


Potash (K2O) 


0-05 


0-217 


0-404 


0-40 


0-43 


0-57 


0-37 


,, soluble in l-per-cent\ 

citric acid J 

Phosphoric acid (P2O5) 


0-010 


0-014 


0-015 


0-040 


0-014 


0-016 


0-011 


0-064 


0-084 


0-119 


0-282 


0-138 


0-120 


0-176 


,, ,, soluble in 1-1 

per-cent citric acid / 

Sulphuric acid (SO3) ... 


0-009 


0-026 


0-048 


0-119 


0-020 


0-019 


0-014 


0-02 


0-03 


0-05 


0-07 


0-06 


0-05 


0-06 


Subsoils (9 in. -18 in. ). 
















Moisture 


0-85 


1-19 


2-67 


2-34 


3-21 


6-88 




Loss on ignition 


2-34 


2-94 


3-09 


3-67 


4-94 


5-07 




Nitrogen 


0-063 


0-063 


0-088 


0-101 


0-139 


0-097 




Carbonates, reckoned as car-\ 
bonate of lime (CaCOs) ... / 


nil 


0-05 


003 


0-10 


0-66 


0-52 




Potash (KjO) 


0-067 


0-269 


0-404 


0-43 


0-43 


0-57 




Phosphoric acid (PjOs) 


0-053 


0-057 


0-119 


0-314 


0-138 


0-042 





* Much lerrous iron. 



the latter as the condition of the soil. Inherent 
fertility is that for -which the farmer pays rent ; 
condition, on the other hand, is the result of 
his o-wn efforts, and is a matter for compensa- 
tion when he leaves. No hard-and-fast distinc- 
tion can be drawn between the two. Instances 
are numerous where an improvement in con- 
dition has led to a permanent increase in fer- 
tility. Several of the Rothamsted plots received 
dung for several years in succession, and were 
then cropped without manure. There is even 
now a difference in yield between these and the 
continuously unmanured plots, as shown by the 



Table on p. 53. A further illustration is 
afforded by the heavy chalking of certain clays 
practised in the 18th century, which effected 
an improvement not only in condition but also 
in fertility, still visible at Rothamsted and 
other places. The varying customs of land 
valuers in different parts of the country show 
how impossible it is to draw a sharp line and 
say where ' condition ' due to the tenant's effort 
ends, and 'inherent' fertility due to the soil 
begins. The question is best studied by dis- 
cussing what is meant by soil exhaustion and 
soil amelioration. 
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Grassland— Yields of Hat, First and Second Cots 





Average 

yield, 

1860-63. 


1864. 


1865. 


Average, 
10 years, 
1866-76. 


Average, 
10 years, 
1876-86. 


Average, 
10 years, 
1886-96. 


Average, 
10 years, 
1896-1906. 


Plot 2 — Farmyard manure 1856 \ 

to 1863, but no manure smce / 

Plot 3— Unmanured continuously 

Difference 


lb. 

4800 
2660 


lb. 
5390 
2690 


lb. 
2850 
1300 


lb. 

3730 
2370 


lb. 
3750 
3020 


lb. 
2790 
2620 


lb. 
1940 
1690 


2140 


2700 


1550 


1360 


730 


170 


250 







Bakley Eesults— Total Produce in le 


PER Acre 










Aver- 












Aver- 


Aver- 


Aver- 


Aver- 


Aver- 


Aver- 




age, 


1872. 


1873. 


1874. 


1876. 


1876. 


age, 


age, 


age, 


age, 


1897- 
1901. 


age, 




1862-71. 












1877-81. 


1882-6. 


1887-91. 


1892-6. 


1901-6. 


Plot 7-2.— Dung \ 
every year ...J 

Plot 7-1.— Dung ^ 
1852-1871, un- \ 
manured since '' 


5930 


5200 


6560 


7940 


5820 


6170 


6170 


6550 


5330 


6480 


5350 


6220 


























5930 


4870 


6160 


5670 


3950 


4010 


3300 


3490 


2660 


3100 


2250 


2480 


























Plot 1-0. — Un--| 


























manured con- V 


2450 


1280 


1570 


1920 


1450 


1560 


1530 


1530 


1380 


1510 


1140 


1300 


tinuously ...J 



























Soil Exhaustion or Soil Deterioration 

§ 49. Broadly speaking, there are four ways 
in "which soil may be caused to deteriorate: (1) 
it may be cropped without being supplied with 
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proper or sufficient mineral and organic sub- 
stances ; (2) the cultivation may be so bad that 
the texture of the soil is injured ; (3) weeds 
may be left unchecked ; (4) various physical 
and mechanical causes may do injury. 



40 



30 

to 

_i 

UJ 

I 
«20 

CQ 
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10 



TEN YEAR 


1852 


1BS2 


1872 


1882 


1892 


1899 


PERIODS 


-1861 


-1871 


-1881 


-1891 


-1901 


-1908 



Fig. 5.— Curves showing the fall in the yield of barley and of wheat grown for many years without manure at 
Rothamsted. The yields on the plots receiving complete artificial manures are also set out (S 60). 



§ 50. Cropping loith no Manure or Improper 
Manure. — Both at Eothamsted and at Wobui'n 
plots have been cropped without manure for 
a long number of years, and have furnished 
valuable data for studying soil exhaustion. For 
the first few years the crop falls considerably, 
but then it ceases to fall : this result is shown 
in the following figures, plotted in fig. 5. Ex- 
haustion on the heavy Eothamsted soil is now 



very slow, and is indeed practically impercep- 
tible. There is no evidence that the crop will 
fall any further: 12 bus. probably represents 
the permanent productiveness of the soil under 
present conditions of cultivation, climate, &c. 
Weeds, insects, fungi, &c., may kill the crop 
altogether, but not soil exhaustion. The Eoth- 
amsted soil still contains well over 2000 lb. of 
nitrogen on the top 9 in., whilst each crop takes 
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out 15 lb., of -wLiich 5 lb. are supplied by rain I soil each year ; probably some of this is fixed 
and seed, leaving only 10 lb. to come from the I by bacteria from the air. 





Rothamsted : Yield in Busliels. 


Stackyard Field, Wo- 
burn : Yield in Bushels. 


8 years, 
1814-61. 


10 years, 
1852-61. 


10 years, 
1862-71. 


10 years, 
1872-81. 


10 years, 
1882-91. 


10 years, 
1892-1901. 


Last 
10 years, 
1899-1908. 


First 
10 years, 
1877-86. 


Last 
10 years. 
1899-1908. 


Unmanui'ed wheat ^ 
Complete artificials 3 
Unmanured barley 
Complete artificials' 


17-2 


15-9 
347 
22-4 
46-1 


14-5 
35-9 
17-5 
46-4 


10-4 
26-9 
13-7 
41-0 


12-6 
35-0 
12-7 
40-7 


12-8 
31-8 
100 
36-3 


11-6 

320 

8-6 

35-1 


17-4 
32-3 
26-9 
46-0 


11-1 
23-4 
12-6 
33-3 



1 Plot 3, no manure since 1839. 



2 Plot 7. 



Exhaustion also goes on when incomplete 
manures are added, but at a slower rate. The 
Eothamsted wheat and barley plots receiving 
only one kind of manure always give higher 
crops than the unmanured land. Secondary 
effects may of course set in : nitrate of soda 
may injure the texture of the soil or sulphate 
of ammonia may deplete the lime, and then the 
crop begins to fall more rapidly. 



The deterioration in grassland mown with- 
out addition of manure is shown not only in 
the yield but in the character of the herbage. 
The number of species increases ; on the un- 
manured plot at Eothamsted no fewer than 
fifty species occui', against about forty on the 
manured plots. The character of the herbage 
is shown in the following table: — 



Percentage Composition of the Hebbage 





Graminese. 


LeguminosEe. 


Other Orders (Weeds). 


1862. 


1903. 


1862. 


1903. 


1862. 


1903. 


No manure (Plot 3) since 1850 ... 
Complete mineral manure (Plot 7) 


70-6 
64-6 


52-2 
41-7 


8-1 
24-7 


7-8 
331 


21-3 
10-6 


400 
2,5-1 



Pasture soils deteriorate more slowly, espe- 
cially if they initially contain much soluble 
mineral matter. The fatting fields of Eomney 
Marsh have fatted sheep for many years past 
without any manure and with little or no 
artificial food. The chalk pastures of the South 
Downs are said to last indefinitely, even when 
breeding flocks are kept on them. The de- 
terioration of pasture or meadow land due to 
bad grazing or other mismanagement arises 
from the efi'ect on the grasses and not the soil. 

In natural prairie or wood conditions there is 
no exhaustion, but an equilibrium. The mineral 
matters are all returned to the soil, the calcium 
carbonate is preserved to a considerable extent, 
and the organic matter and nitrogen undergo 
little or no change since the gains approxi- 
mately balance the losses. This equilibrium is, 
however, disturbed as soon as the conditions 
are changed. 

Continuous cultivation without periodical 
•rests' in seeds mixtures tends to exhaust the 
organic matter of the soil. The vegetation is an- 
nually disturbed, and therefore never forms the 
great root system characteristic of old pastures. 
The supply of organic matter is cut off, and the 
stock already present in the soil is oxidized ; 
nitrogen is simultaneously lost (§ 21). In this 
way prairie soils become exhausted, and the pro- 
cess is accelerated by the custom common among 
pioneers of burning the straw instead of mak- 
ing it into dung. The losses partly arise from 
bacterial decomposition and partly from drain- 
age, both of which causes are much accelerated 
by cultivation. Drainage losses may be reduced 



by catch cropping or by using well-balanced 
manures, but bacterial losses cannot be avoided 
by any known means. So long as nitrogen 
compounds remain in the soil they are liable 
to loss. There can be no doubt whatever that 
the sound practice is not to leave the nitrogen 
compounds in the soil, but to crop them out as 
completely as possible, and to make the added 
manure 'exhausting' in this sense. Nitrogen 
compounds must be replaced, but they should 
be kept circulating. 

§ 51. Spoiling the Texture of the Soil. — A 
proper tilth depends on the maintenance of the 
clay particles in a flocculated condition, and is 
therefore damaged by such operations as plough- 
ing the soil when wet, or bringing up unfloccu- 
lated material of bad texture from below. Much 
of the ill effect of steam ploughing in early days 
was brought about in this way. This is per- 
haps the most serious of all soil injuries, and is 
only overcome by persistent good management. 

§ 52. Physical or Mechanical Injury to Land 
without Crop. — Trouble from this source is 
not common in the British Islands, where the 
chief source of loss is the washing out of ni- 
trates (§ 23) and of calcium carbonate. But in 
subtropical countries, or in newly settled coun- 
tries, where natural vegetation is being inter- 
fered with, serious trouble may arise. The 
burning of the bush and grass "on the South 
African veldt has destroyed vegetation which 
used to hold back storm water. It now rushes 
along the tracks made by cattle or wagons, and 
causes considerable erosion. The small chan- 
nels or 'sluits' increase rapidly, and in time 
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may become rivers. Sixty years ago the Ongers 
or Brak river in Cape Colony did not exist ; 
to-day its channel is 300 ft. wide and 15 ft. deep. 
The destruction of forests has the same effect. 
Similar cases arise in the United States. In 
many parts of the Mississippi valley the bank on 
the concave side is being eaten away at the rate 
of 100 to 150 ft. a year. The remedies suggested 
in Cape Colony are to dam the sluits at frequent 
intervals and to plant American aloes, willow 
trees, pampas grass, and such grasses as will 
grow. In the southern States of the United 
States terracing is adopted. Blowing sand is 
in other places a fruitful source of trouble. In 
parts of Australia the vegetation has been de- 
stroyed either by man or rabbits, and the soil 
which it had previously held together is now 
blown about by the wind. In Central Asia 
great tracts have been devastated. The effect 
may be seen in a small way in parts of our own 
country, e.g. on the north coast of Cornwall, and 
also on parts of the coast of Europe from the 
south of France round to the Baltic; in places 
the sand advances as much as 25 ft. a year. 

In tropical and subtropical countries — West 
Indies, Malay Peninsula, the southern States of 
the United States — it is not found desirable to 
keep orchards, rubber plantations, cotton fields 
free from vegetation ; if the general surface is 
fallow, as in orchards here, the soil temperature 
becomes so high that excessive evaporation of 
water takes place. 

Soil Amelioration 

§ 53. In order to improve the soil it is neces- 
sary first to discover, and then to put out of 
action, the factor or factors limiting productive- 
ness. The discovery of the limiting factor is 
a purely scientific problem, but the choice of 
methods of putting it out of action is a prac- 
tical and economic problem, since the improve- 
ment must pay. To get over the bad effects of 
soil exhaustion it would seem only necessary to 
add the proper quantities of the requisite ma- 
terial ; but the process is by no means as simple 
as it looks — indeed it may at once be said that 
we know no way of carrying it out properly 
and quickly. It is easy to add, but at present 
impossible to effect the uniform distribution 
that is necessary. The difficulty lies in the 
absorbing power of soils for soluble substances 
(§ 22). If a soil is deficient in organic matter, 
the addition of a good deal of dung, of guano, 
&c., will not at once put matters right. Even 
the best ploughing, scuffling, &c., only indif- 
ferently mixes it in. There remain lumps 
of excreta which would poison any root that 
touched them, pieces of straw that will open up 
the soil and allow loss of water by evaporation, 
and masses of soil where no dung has yet pene- 
trated. The soluble part of the dung does not 
get properly distributed by the winter rain ; it 
is held up by the layer of soil nearest to it and 
gets no farther. Distribution is slowly effected 
by washing, by earthworms and other organ- 
isms, perhaps by micro-organisms; but it is 
slow, and we know no way of hastening it. It is 
impossible to lay too much stress on this point. 



Only when the added fertilizers have become 
properly distributed and intimately mixed in 
the soil does it get into ' good heart', and the 
process is so slow that years may elapse before 
it is completed. When 14 tons of dung were 
applied each year at Eothamsted to exhausted 
wheat and barley land, it took about thirteen 
years before the full effect was produced. A 
quicker way is to feed crops on the land or to 
leave for two or three years a seeds mixture 
or leguminous crop after a previous cleaning. 
The roots spread themselves throughout the 
soil much more uniformly than any implement 
could do it, and give rise, when the crop or 
stubble is ploughed in, to a mass of easily de- 
composed material. 'Besting' the ground in 
this way is a recognized part of many rotations, 
and is being used with success for recuperating 
some of the prairie soils of the United States 
which had been run down by years of continu- 
ous wheat growing. The proper minerals should 
be supplied; in some of the United States ex- 
periments, ground rock phosphate was found 
sufficient. In England another plan has been 
used on run-down soils: after deep ploughing 
to bury the weeds, and a good dressing of lime, 
a root crop is obtained by liberal dressings of 
artificials, which is then fed on the land. Clover 
is sown in the subsequent corn crop, and is first 
folded, then the residues are ploughed in. It 
is possible by this means to bring the nitrogen 
content to any desired level between the values 
for exhausted soils and for old pastures on the 
particular formation involved. 

Improvement in Texture. — Proper cidtiva- 
tion, green manuring, dressings of dung or of 
lime, and, if necessary, drainage, are suitable 
methods for improving the texture. See Cul- 
tivation, Effect on Soil. 

Improvement of the Water Supply. — In 
districts where there is sufficient rainfall (20 in. 
or more) the water supply can usually only be 
increased by improving the subsoil — often a 
costly and sometimes an impracticable plan. 
Any pan that may have formed must be broken, 
or any thin layer of natural rock, such as some- 
times occurs in the Lower Greensand of Kent 
or Surrey, must be removed. A clay subsoil is 
improved by drainage. Often it may be neces- 
sary to divert the underground flow of water 
by cutting off the line of seepage by means of a 
trench. Few improvements in j ritish agricul- 
ture were more eftective than the drainage of 
the 'forties, although much of it was wrongly 
done. Drainage is also receiving attention in 
the United States, where it is estimated that 
some 70 million acres may yet be reclaimed by 
this means. Elsewhere trees are planted to take 
up excess of water; on the Pontine marshes of 
Italy eucalyptus is grown, and on the Landes of 
Western France the maritime pine. 

Where rainfall is insufiicient, recourse has 
been had from time immemorial to irrigation. 
It is imperative that a proper drainage should 
simultaneously be laid down ; without this, 
irrigated lands in all parts of the world have 
rapidly deteriorated because of the accumulation 
of alkali at the surface of the soil (see Alkali 
Soils). The drainage system must be suffi- 
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ciently deep to prevent tlie subsoil water rising 
too higli, another source of damage in irriga- 
tion. Terracing is an ancient mettiod of irri- 
gation applied where springs break out on the 
sides of hills well up above the valleys. 

Eeiioval of Injurious Substances. — In the 
absence of calcium carbonate it happens that 
deleterious substances are formed, particularly 
if the air supply is limited. They are often 
acid, and can be neutralized by addition of lime 
and by improved cultivation. 

Liming is beneficial for a great number of soils, 
and is usually the first step in improving derelict 
land. It improves the texture, removes acids 
or other injurious materials, facilitates the pro- 
duction of plant food by bacteria, displaces pot- 
assium from some of the zeolitic-like combina- 
tions, and is useful in other ways. In the United 
States it is often said with truth, ' a lime country 
is a rich country '. Liming was in the past ex- 
tensively practised, and the present generation 
in many districts is still benefiting by the old 
dressings. It is often found rather costly now- 
adays, and has therefore not been as common as 
is desirable. To some extent, dressings of basic 
slag have supplied the necessary lime. 

§ 54. How Far can Soil Amelioration Go ? — 
We have already seen that there is a limit below 
which the crop does not fall, if it is given a 
chance against weeds, pests, &c., and we con- 
clude that soil exhaustion will not go on inde- 
finitely, but soon comes to a stop. In like 
manner there is an upper limit beyond which 
soil amelioration is no longer possible. The 
limit may be fixed by the rainfall, the tempera- 
ture, or the type of soil, none of which can be 
altered very much ; finally by the plant itself, 
which is only capable of a certain amount of 
growth. The two limits vary for different soils; 
but between the limits for a particular soil it is 
possible for a farmer to reach any level he likes, 
if he considers it worth his while. [b. j. r.] 

Soil, Bacteriolog:y of. — It is now a well- 
recognized fact that the fertility of a soil depends 
very much upon the number and character of 
its bacterial population. The reason of this is 
that bacteria, on account of their physiological 
activities, bring about the formation of various 
kinds of soluble nutritive salts that are of im- 
mediate use to growing crops. One of the com- 
monest types of soil fermentation is that pro- 
duced by the numerous forms of decay bacteria 
acting upon the stores of organic matter present 
in all fertile soils. As a result of their action, 
the complex organic molecules are broken up 
and reduced to simpler compounds. Then there 
are the characteristic changes due to the activi- 
ties of nitrifying bacteria and to the free nitro- 
gen-fixing groups of bacteria, the sulphur and 
iron bacteria, and others. It is only possible in 
this article to describe very briefly the changes 
brought about by the more predominant and 
directly useful races of bacteria. 

Ammonificatton. — All ordinary soils contain 
a small percentage of organic nitrogen (protein) 
which is subject to the attacks of putrefactive 
or decay bacteria. There are several well-known 
forms, apparently common to all soils, of which 
Bacillus mycoides is perhaps the most prominent. 



This organism is intensely aerobic, and thrives 
best at a temperature of 30° C, but grows quite 
actively at the ordinary summer temperature 
of soils. Under favouring external conditions 
(moisture content being an important factor) 
Bacilhis mycoides first liquefies and then breaks 
up the protein compounds into carbonic acid gas 
and ammonia, together with relatively minute 
quantities of other bodies (including certain 
organic acids). At the same time the mineral 
constituents are released in a form more or less 
readily available to crops. Acidity of soil tends 
to check the work of this and other desirable 
putrefactive germs, so that the presence of lime 
to establish even a slight alkalinity is helpful. 
Furthermore, in the presence of an available 
base the oxidized sulphur of the decomposed 
protein body gets transformed into a sulphate. 

In addition to B. mycoides there is quite a 
number of other more or less well-known bac- 
teria present in the soil, each taking an active 
part in the work of ammonification. Among 
these are Protects vulgaris, Bacillus mesentencus 
vidgatus, and Bacilhis subtilis or the hay bacillus. 
The supply of air to the soil regulates the in- 
tensity of the ammonification process. Light 
soils are often 'hungry' ones; that is, they con- 
tain, naturally, a low percentage of organic 
matter, and any application of farmyard manure 
gets used up very rapidly because of the favour- 
ing conditions for aerobic fermentation. The 
other extreme is a very close-grained soil or an 
undrained soil permanently water -logged. In 
these cases there is a lack of oxygen, so that the 
work of fermentation must be carried on by 
aerobic bacteria. This means that the action 
will be slower and the end products different. 
Ammonification indeed is only reached after a 
series of complicated step-by-step anal3'ses of 
the complex protein molecules. Peptonization 
sets in, followed by the breaking up of the mole- 
cules into compounds varying very much in char- 
acter and complexity of composition. Some of 
the intermediate products are represented by 
such bodies as peptones, amides, and fatty acids; 
but the final or end products that are of agricul- 
tural interest are ammonia, carbonic acid gas, 
compounds of sulphur, marsh gas, and free hy- 
drogen and nitrogen. The mineral constituents 
are left in an insoluble form and are therefore 
unavailable for crops. Comparing aerobic with 
anaerobic fermentation, the former is by far the 
most favourable for cultivated crops. The am- 
monifying power of a soil is undoubtedly an im- 
portant factor in its fertility. It depends directly 
upon the number and vitality of its decay bac- 
teria, and this in turn depends upon the physical 
and chemical character of the soil. Organic 
matter must be present in sufficient abundance; 
there must be moisture, and, for the best kind 
of fermentation, there must be a sufficiency of 
air. Applications of lime, farmyard manure, 
' artificials', drainage, tillage, system of cropping, 
and even the micro-fauna — all have their parti- 
cular influence upon the character and extent of 
the ammonifying micro-flora. 

Nitrification. — The ammonium salts formed 
in the soil as a result of bacterial action, or the 
sulphate of ammonia directly applied as a ferti- 
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lizer, are easily soluble in water, and are there- 
foi-e readily removed in the drainage. But it is 
well known that ammonium salts do not exist for 
long as such in most fertile soils. They readily 
change into nitrates. The drainage water from 
land manured with sulphate of ammonia will 
show this salt for a few da3's, but after that it 
will disappear and nitrates be found instead. 

The change, as suggested by Pasteur in 1862, 
and experimentally proved at a later date by 
Schloesing and Muntz, is brought about by spe- 
cific soil organisms that are strongly aerobic, 
hence they lequire a well-aerated soil for their 
development. They differ, however, from the 
ammonifying bacteria, inasmuch as they not only 
do not require organic compounds as food, but the 
presence of the smallest quantity of soluble or- 
ganic matter in the soil checks or even altogether 
stops their growth. Nitrification is a two-act 
process carried on by two distinct kinds of bac- 
teria. The first step is the oxidation of ammonia 
into nitrous acid, which in the presence of a suit- 
able base (such as lime, magnesia, or potash) 
immediatel}' forms a nitrite, and this in turn is 
oxidized still further by another species into a 
nitrate. In the absence of a suitable base, the 
presence of free nitrous acid at the seat of action 
first checks and then wholly stops the action. 
These nitro-bacteria obtain their carbon from 
carbonic acid gas as green plants do, but unlike 
green plants they can assimilate the carbon in 
complete darkness. Soils appear to differ very 
much in their nitrifying power, and such varia- 
tions influence to no small degree the fertility 
of our fields and gardens. It has been shown, 
for example, that soils classed by fai'mers as 
'poor' invariably show a weaker nitrification 
potential than soils classed as 'good'. Varia- 
tions in this respect depend upon the physical 
and chemical character of the soil as well as upon 
the character of the bacteria themselves, while 
climate, especially in relation to soil temperature, 
has considerable influence. The chief soil con- 
ditions that influence are, first, the water content. 
If the soil contains so much that it is approach- 
ing a water-logged condition, then air is excluded, 
and this is obviously fatal to a process that is 
essentially one of oxidation. On the other hand, 
if moisture falls below a certain minimum, nitri- 
fication stops, and if the soil becomes actually dry 
the nitrifj'ing organisms quickly die. Acidity 
of soil is fatal to nitrification. With regard to 
the bacteria themselves, some strains are more 
virulent than others, while in all races a certain 
periodicity of activity is manifested. That is to 
say, there are periods of intense nitrification pre- 
ceded and followed by periods of comparative 
inactivity, the crest of each wave (in all cases 
where the phenomenon has been followed) being 
separated by a four or five weeks' interval. 

Denitrification. — In soils containing a poor 
supply of air, nitrates are liable to be destroyed 
through the fermentative action of a large num- 
ber of anaerobic bacteria and moulds. They 
find in the highly oxidized nitrates a source of 
energy, and as a result of their vital action the 
nitrates are first reduced to nitrites, and then 
the nitrites are decomposed with the liberation 
of elementary nitrogen. The action is called 



denitrification, and under certain soil conditions 
the loss of nitrogen in this way may be consider- 
able, but it is nevertheless pretty safe to assume 
that under good systems of farming there is 
little chance of much loss arising from this par- 
ticular cause. The mere disappearance of nitrate 
from the soil may possibly involve little or no 
loss of nitrogen. For example, the nitrate may 
be reduced to nitrite only or to ammonia, or it 
may be used up by certain bacteria as a food 
and converted into organic nitrogen (or protein). 
The application of nitrate of soda to soils directly 
encourages the growth and rapid development of 
certain races of bacteria, in which case, of course, 
the nitrate is shared between the bacteria and 
the standing crop. 

Nitrogen Fixation. — There are quite a num- 
ber of soil organisms now known to have the 
power of assimilating free or elementary nitro- 
gen from the air. The first of these to be de- 
scribed was a certain butyric ferment isolated 
by Winogradsky in 1895 and named by him 
Clostridium Pastorianum. It is an anaerobic 
form, but can work in ordinary tillage soils in 
association with aerobes, as these suificiently 
reduce the oxygen pressure to a point favourable 
to the Clostridium. If there is no readily avail- 
able combined nitrogen present, this organism 
can utilize the simple nitrogen gas of the air 
to build up its own complex protein molecules. 
Later (1901-2) Beyerinck discovered two other 
' nitrogen fixers' which he named Azotohacter. 
They, however, are aerobic, and can be artificially 
cultivated in fluids containing very little or even 
no compounds of nitrogen. Then Lipman in 
1903 discovered a third, to which in 1904 he 
added two others, and so a varied and widely 
distributed Azotobacter flora is being gradually 
made known to science. They all require a 
soluble carbohydrate and the usual inorganic 
food basis. They are very sensitive to even a 
slight acidity, hence the presence of lime in 
the soil is an important factor in their develop- 
ment. There is little doubt that under favour- 
able conditions these organisms considerably 
enrich the soil with nitrogen compounds. 

There are other organisms in the soil that can 
not only fix the free nitrogen, but can, as oppor- 
tunity offers, enter into a physiological partner- 
ship with specific host plants. The formation 
of root nodules in the Leguminosje is the out- 
come of such symbiotic relations. Discovered 
first by Hellriegel and Wilfarth in 1886, a soil 
bacterium, afterwards named by Beyerinck iSaciZ- 
lus radicicola, has this important power. The 
bacillus attacks the younger parts of the roots, 
gaining an entrance by way of the delicate tubu- 
lar root-hairs, and, apparentlj', the poorer the 
soil in available combined nitrogen the easier 
the task of entering. The resistance of the plant 
to the invading and then multiplying bacillus is 
manifested by the local inflammatory swelling. 
While actively developing in the nodule they 
extract from the host-plant sugar and mineral 
salts, while the host-plant apparently extracts 
from them in return valuable nitrogen com- 
pounds. As growth proceeds, the cells of the 
nodule get filled with the characteristic short, 
rodlike (or normal) bacteria; but these after- 
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■wards alter in shape in various ways, until even- 
tually the vast majority of them die, and finally 
get digested and distributed to different parts 
of the plant as a rich nitrogenous food. The 
survivors remain in the partially depleted cells 
until on the death and decay of the roots they 
get released and stait a fresh life in the soil. 
AH known varieties of this bacterium are very 
sensitive to even a slight acidity of soil, and 
until this is corrected no developmental progress 
can be made. Nor will they thrive in a soil 
deficient in phosphorus or potash. Soils that 
do not naturally contain any particular variety 
may be inoculated with artificial cultures of the 
same, but it is useless to attempt the inoculation 
of a soil that is either physically or chemically 
unfit for the growth of these organisms. Further- 
more, it is waste of time and trouble to inoculate 
soil that already contains the germs. For ex- 
ample, it has been demonstrated that so far as 
ordinary garden soils in these islands are con- 
cerned, it is unnecessary to inoculate for peas. 

Cellulose Fermentatio^t. — The research of 
Omelianski has shown the existence of two types 
of anaerobic bacteria that reduce cellulose com- 
pounds in the soil. In the one case, free hydro- 
gen is one of the end products, and in the other 
marsh gas. The process of humification appears 
to be associated with the action of these organ- 
isms. The formation of humic substances in the 
soil is said to hasten the work of the bi'eaking 
down of mineral matter in the soil. 

Effect of Tillage and Manuring. — The 
actual number of bacteria present in any soil 
depends upon many factors, and will vary with 
the class of soil. For example, in woodlands, 
in gravelly soil, and in stiff clay pastures the 
number is comparatively low, while in culti- 
vated loams and in garden soils the numbers 
rise often to several millions per dry gramme 
of soil. The first 6 in. of soil support a vaster 
population than the underlying layers, while 
the subsoil gets poorer and poorer in life the 
deeper we go. Tillage (under proper conditions 
of drainage), by breaking up the clod and ad- 
mitting more air, increases enormously the num- 
ber of bacteria, while manuring often brings 
about potent changes in the character and ex- 
tent of the fermentations. Farmyard manure 
not only increases the stock of bacteria food, 
but introduces a vast alien population of active 
micro-organisms. Lime, as we have already 
seen, increases ammonification and nitrification, 
more especially if there is a sufficiency of avail- 
able phosphorus in the soil ; but if lime is used 
in excess it reduces these actions, and rather 
favours the process of denitrification. Nitrate 
of soda, being not only a direct food of many 
ammonifying bacteria, but of crop plants as 
well, is extremely helpful all round, especially if 
applied early in the season before nitrification 
begins. The application of small dressings of 
nitrate of soda when green crops are ' ploughed 
in' has been suggested because of its immediate 
availability to decay bacteria. Sulphate of am- 
monia gets changed to carbonate of ammonia in 
the soil ; and as its extensive use causes acidity, 
this fertilizer tends therefore to retard the work 
of decay bacteria and encourage the develop- 



ment of moulds. Superphosphate alone seems 
to somewhat encourage ammonification, but if 
anything it rather discourages nitrification and 
nitrogen fixation; while on the other hand basic 
slag distinctly increases ammonification, appa- 
rently because of its contained lime. Pure pot- 
ash salts appear to have no effect on ammonifi- 
cation, a depressing effect upon denitrification 
and nitrogen fixation, while to a limited extent 
they encourage nitrification. 

Sterilization of Soils. — The partial steri- 
lization of soils either by heat or volatile anti- 
septics has been shown to bring about very 
interesting results, the most obvious of all 
being a remarkable increase in the crop. The 
soil flora is made up of a considerable number of 
competing races, and when a volatile bacterial 
poison such as carbon bisulphide is introduced 
into the soil, the immediate effect is to practi- 
cally suppress all bacterial activity ; but as the 
bisulphide slowly disappears, the ammonifying 
bacteria are among the first to recover ; and 
having for a time no serious competitors, they 
feed, grow, and multiply at an abnormally' high 
rate, hence the rapid accumulation of ammonium 
compounds in the soil and a more liberal supply 
of nitrogen to the crop. But a still more in- 
teresting reason for the increased ammonifica- 
tion in partially sterilized soils has been recently 
discovered by Drs. Kussell and Hutchinson. 
These two workers find that the soil contains 
a vast number of protozoa — minute unicellular 
animals — that ingest bacteria as their natural 
food. In untreated soil these organisms there- 
fore keep down the number of bacteria, and so 
control the extent of bacterial fermentation ; 
but the volatile antiseptic not merely inhibits 
but actually kills the protozoons, so that when 
the ammonifying bacteria recover they multiply 
at an amazing rate, seeing that their natural 
enemies are now destroyed. [d. h.] 

Soil, Changes taking place in. See 
arts. Soil ; Soil, Geology of; Fertility. 

Soil, Geology of. — The soil is a frag- 
ments 1 rock, derived from the breaking down 
of other rocks on the earth's surface. Where 
the materials worn off by disintegrating agents 
have accumulated in their place of origin, or 
where they have been drifted to some other 
and more sheltered spot, they form a deposit 
of loose structure, into which the roots of plants 
can make their way. This is the soil known to 
the primeval agriculturist, who broke it up and 
turned it over, and raised crops on it for his 
own use. He thus supplemented the processes 
of nature, and provided more and more surface 
on which the agents of decay could act. The 
plants raised in successive years not only re- 
moved certain food supplies from the loose earth, 
but materially altered its character by adding 
in due course their own decaying vegetable mat- 
ter. The salts in the soil, moreover, became 
changed by the attack of acids, and by oxida- 
tion through repeated contact with the atmos- 
phere ; the action of various micro-organisms 
was facilitated; and the soil, after a few years 
of cultivation, proved to be something more 
complex and distinctly different from that which 
first gathered on the surface, before the settle- 
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ment of man. To the geologist, however, the 
virgin soil is the first consideration, and it falls 
to him to trace its various constituents back to 
their parent rocks. 

All rocks, whether sedimentary or igneous, 
have cracks in them, technically called joints, 
which may have been produced by shrinkage as 
the mass consolidated, or by stresses during sub- 
sequent earth movements. The subtle agents of 
disintegration work along these joints; brown 
oxide of iron forms crusts upon them, showing 
how iron silicates or carbonates are beginning 
to give way ; in mixed masses, the chemical 
breaking down of one mineral constituent leaves 
the rock friable, and a powder gathers in the 
widening crack. Whole blocks of rock thus 
become surrounded by crumbling products of 
their own decay. If the mass possesses good 
lamination, or a slaty cleavage, the pieces 
thus worn from it retain a certain flakiness. 
In such rocks as basalt, on the other hand, 
where a scaling or exfoliation goes on over 
the surface of the blocks, spreading inward 
from the main joints, great un weathered 
spheroids may appear, set in a powder that 
appears at first sight to be of an entirely 
different nature. The roots of plants, 
reaching far down into this decomposing 
zone, not only assist decay by wedging 
apart portions of the rock, but also exert 
a chemical action. Earthworms, passing 
the finer material through their bodies, 
reduce it to a still finer grade, and transfer 
it in their movements to the upper surface, 
thus contributing to the growth of soil. 

Limestone masses dissolve slowly over 
their joint-surfaces, and thus become sepa- 
rated into blocks to an extent unknown 
among other rocks. The detached blocks, 
roughly rectangular, are found lying in an 
earth that is partly fine calcareous matter, 
and partly the insoluble residue from the lime- 
stone. In layers nearer the surface, even the 
limestone blocks may have disappeared; the 
more impure ones, however, remain represented 
by porous clayey residues, retaining the original 
form of the lumps of rock. 

In the uppermost zone, the material has be- 
come more obviously broken down and more 
fragmental than in those below. The colour 
is no longer that of the altered rock, but is 
darkened by admixture of vegetable matter. 
Sometimes the brown iron staining, which is 
so common a sign of alteration, has been lost 
in the highest zone through the leaching action 
of waters containing organic acids. This upper 
zone is the true soil. What lies below is subsoil; 
below this again is the parent rock. 

But the thickness of the upper zone may vary 
greatly. The passage from it downward into 
the subsoil type may, moreover, be absolutely 
gradual, especially where plants have struck 
deep roots in search of nourishment. To define 
the soil, it is convenient to limit the term to the 
portion reached by ordinary agricultural opera- 
tions, that is, to the uppermost 8 or 9 in. (say, 
1 decimetre) of our section, under the vegetable 
sod that has probably formed upon the surface. 
What follows as we sink lower, whether of the 



same nature or no, is regarded as subsoil, down 
to the unaltered rock. 

In regions where frosts are frequent, these 
play a great part in the formation of soil, by 
breaking up lumps of rock which have absorbed 
water. The surface stones thus become broken 
down, even where no crumbling through chemi- 
cal action has been possible. 

Sometimes the subsoil is not a true sedentary 
soil, that is, one derived from the underlying 
rock. The whole mass may be a transported 
soil, or, more accurately, a transported subsoil, 
which gives rise to a surface soil different from 
that which otherwise might have gathered in 
the district. The alluvial infilling of valleys in 
the British Isles may thus rest on a foundation 
of rock scoured clear of its proper soil by glacial 
action. Glacial deposits furnish transported sub- 




Diagram illustrating relation of a soil to the subsoil, and of 
the latter to the underlying rock 



soils, the soils on which may be a distinct gain 
to the area in which they arise. Such deposits 
may be hundreds of feet in thickness, in which 
case their lower layers may be regarded as the 
parent rock of the subsoil and the soil. 

In some cases, the soil and subsoil may be a 
thin residue of some deposit that once lay as a 
mantle over the country, and through it some 
older bed is likely to appear at intervals. The 
' clay with flints ' of our chalk downs is now 
held to be derived from Eocene deposits, and 
not from the solution of the chalk below it. 
Here we have a soil and subsoil, sedentary and 
not transported; but we find nothing left of 
the more coherent mass from which they were 
derived by weathering. 

The gradual development of a soil may be 
interestingly studied in regions that have only 
recently escaped from glacial conditions. In 
Finland, for example, one may see the ice- 
rounded surfaces of hard gneiss or granite be- 
ginning to pass into something not absolutely 
smooth, on which lichens can just spread and 
cling. A little dust from the slowly decaying 
surface is blown or washed in among the lichens. 
Through the action of moisture, it becomes com- 
pacted into a sort of mould among the recesses 
of the vegetation, and mosses soon rise over the 
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lichens and form a rich carpet across the rock. 
Then come the seeds of trees, birch or pine, 
caught among the mosses, and tiny shoots spring 
up, clinging with roots that spread like fingers 
over the stone. The next step forward to a 
true forest is a fairly quick one, and a thick 
vegetable soil accumulates under the trees. But 
the absence of free evaporation promotes the 
growth of peat mosses among the undei'wood, 
and peat may ultimately develop to a degree 
inimical to the forest. The trees, now well 
grown and even aged, decay, and their trunks 
are added to the vegetable soil. All this ac- 
cumulation has gone on with the minimum of 
expenditure of rock material, on a land almost 
devoid of sedentary soil. In such a country, 
alluvial valleys, often filled by glacial detritus, 
provide the only arable land. Large parts of 
northern Canada, traversed by rushing rivers, 
have not yet reached a stage when even allu- 
vium can collect. The forest soils may be all 
there is to deal with, and timber industries take 
the place of ordinary farming. The variety of 
soils, of mineral or vegetable origin, is of course 
enormous ; but the blowing of the wind, the 
downwashing of rain, and the continual spread- 
ing action of rivers, tend to produce in a given 
area a greater uniformity than at first sight 
might have been expected. [o. a. j. c.J 

Soil, Inoculation of. See art. Inocula- 
tion OF Soil. 

Soil, Reactions taking place in. 
See arts. Soil; Nitrification; Denitrifica- 
tion; Soil, Bacteriology of; Fertility. 

Soil, Temperature Relationships 
of. See art. Soil. 

Soil, Water Relationships of. See 
arts. Soil ; Drainage. 

Soil Analysis. — On arrival at the labora- 
tory the soil is spread out to dry, and is then 
pounded up with a wooden pestle and passed 
through a 3-mm. sieve. The stones that do not 
pass through, and the fine earth that does, are 
separately weighed, and the proportion of stones 
to 100 of fine earth is calculated. Subsequent 
analytical operations are made on the fine earth. 

Determination of Moisture. — Four or five grm. 
of the soil are dried at 100" C. till there is no 
further change in weight ; the loss is called 
hygroscopic moisture. 

Organic Matter. — No accurate method of esti- 
mation has yet been devised. It is usual to 
ignite at low redness the sample dried as above. 
The loss includes organic matter, water not given 
off at 100" C, and carbon dioxide from the car- 
bonates ; allowance may be made for the latter, 
but not for the combined water. In more elabo- 
rate investigations the carbon may be deter- 
mined either by the ordinary combustion method 
or by some 'net combustion' method. Methods 
have also been devised for determining humus 
(see Humus). For ordinary purposes it is suffi- 
cient to determine the loss on ignition, and to 
speak of this as being largely organic matter. 

Total Nitrogen. — Kjeldahl's method is almost 
invariably adopted. About 25-30 grm. of soil 
are ground up finely in an iron mortar; 10- 
15 grm. are then heated in a Kjeldahl fiask with 
20-25 c.c. of strong sulphuric acid for | hr. ; then 



5 grm. of potassium sulphate are added, and 
shortly after a crystal ui copper sulphate. The 
heating is continued till all the black colour has 
gone. Then cool and dilute the mixture, trans- 
fer the fluid part to a distillation flask, but leave 
as much as possible of the sand beliind, washing 
well to remove all the adhering liquid. Then 
add saturated soda solution till the liquid is 
strongly alkaline, distil, and collect the ammonia 
in standard acid. 

Nitrates must be determined in a sample 
taken direct from the field and dried without 
any delay at 55° C. 200-500 grm. of the dried 
soil are pressed firmly on to a Buchner funnel 
fitted to a filter flask, and distilled water is 
poured on. The first 100 c.c. of water passing 
contains practically all the nitiutes, but it is 
safer to wash more fully. The solution is con- 
centrated, acidified with acetic acid, and re- 
duced by a zinc-copper couple at 25" C. for 
30 hr. The ammonia formed is estimated in 
the usual way. 

Ammonia is estimated by distilling with mag- 
nesia and water under reduced pressure (see 
Russell, Journ. Agric. Science, 1910, vol. iii). 

Carbonates. See Calcium Compounds in Soil. 

Mineral Substances. — Complete analysis of 
a soil is only possible after the silicates have 
been decomposed and the silica volatilized by 
treatment with hydrofluoric acid. This method 
is only rarely applied, and details must be looked 
for in treatises in mineralogical anal_ysis. For 
agricultural purposes it is sufficient to extract 
the soil with strong acids. The British method, 
adopted by the Agricultural Education Associa- 
tion, is thus given by Hall: '20 grm. of the 
powdered soil are placed in a flask of Jena glass, 
covered with about 70 c.c. of strong h3'drochloric 
acid, and boiled for a short time over a naked 
flame to bring it to constant strength. The acid 
will now contain about 20'2 per cent of pure 
hydrogen chloride. The flask is loosely stop- 
pered, placed on the water bath, and the con- 
tents allowed to digest for about 48 hr. The 
solution is then cooled, diluted, and filtered. 
The washed residue is dried and weighed as the 
material insoluble in acids. 

' The solution is made up to 250 c.c, and 
aliquot portions are taken for the various deter- 
minations. The analytical operations are carried 
out in the usual manner, but special care must 
be taken to free the solution from silica or or- 
ganic matter' (The Soil, p. 145). 

To determine Potash. — 50 c.c. of the solution 
are evaporated to dryness, gently ignited to 
remove organic matter and render the silica 
insoluble, taken up with hydrochloric acid, 
filtered, evaporated, and heated for a time to 
105° C, then again dissolved in hydrochloric 
acid and treated by Tatlock's method. 5 c.c. 
of a solution of platinum chloride containing 
•005 grm. of platinum per c.c. are added, and 
the mixture slowly concentrated on the water 
bath to a very small bulk. The potassium pla- 
tinum chloride is filtered off in a Gooch crucible, 
washed with more platinum chloride and then 
alcohol, dried, and weighed. 

Phosphoric acid is usually determined by 
Hehner's method, which has also been checked 
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by Dyer. Starting with 50 c.c. of the solution, 
exactly the same procedure is followed as for 
potash, but the final residue is dissolved in nitric 
instead of hydrochloric acid. After filtering, 
the solution is treated in the cold with excess of 
ammonium molybdate, the precipitate filtered 
ott', dissolved in ammonia, evaporated, dried, 
and weighed. It is found most convenient to 
make the original nitric acid solution up to 
50 C.C., to add 5 grm. of ammonium nitrate and 
50 c.c. of ammonium molybdate solution con- 
taining 60 grm. of molybdic acid per litre, and 
keep in a warm place for 24 hr.; the precipitate 
is then filtered off, washed with ammonium 
nitrate solution, dissolved by ammonia into a 
weighed basin, evaporated, and gently ignited. 
The residue contains 3'794 per cent of PjOj. A 
rapid and accurate volumetric method is given 
in U.S. Division of Chemistry, Bull. 46 (revised), 
1898. The molybdate precipitate is dissolved 
in standard potash, and the excess of potash is 
titrated with acid. 

The iron, aluminium, manganese, calcium, and 
magnesium are determined in another 50 c.c. by 
the usual methods ; and sulphuric acid is deter- 
mined in a fourth 50 c.c. Chlorides are best 
washed out by water; they come out just as 
readily' as nitrates, and the procedure described 
above under the heading 'Nitrates' is followed. 
The solution is titrated with silver nitrate, using 
potassium chromate as indicator. 

Available Potash and Phosphoric Acid. — Dyer's 
directions are as follows: 200 grm. of dry soil 
are placed in a Winchester quart bottle with 
2 litres of distilled water in which ai'e dis- 
solved 20 grm. of pure citric acid. The soil is 
allowed to remain in contact with the solution 
at ordinary temperatures for seven days, and is 
shaken a number of times each day. The solu- 
tion is then filtered, and 500 c.c. taken for each 
determination; this is evaporated to dryness, 
and gently incinerated at a low temperature. 
The resicUie is dissolved in hydrochloric acid, 
evaporated to dryness, redissolved, and filtered ; 
in the filtrate the potash is determined. For 
the phosphoric acid determination the last solu- 
tion is made, as before, with nitric acid. 

Mechanical Analysis. — The object is to obtain 
information about the size of the particles of 
which the soil is composed. The temporary 
floccules by calcium carbonate or humus are 
broken down by treatment with hydrochloric 
acid, and after with ammonia. Direct measure- 
ment of the ultimate pai'ticles is found to be 
impracticable ; indirect methods have to be 
adopted, depending on the time taken to fall 
through a column of water of given height. 
When a body falls through a vacuum the time 
taken is independent of the size or weight of the 
body, but if air or any other fluid is present the 
time does depend on the size ; the proper mathe- 
matical relationship has been found by Stokes 

to be ,; = ?£^(^Z^) 

falling particle, <r its density, a its radius (assum- 
ing it to be a sphere), and p the density and -q 
the coefficient of viscosity of the medium (Trans. 
Camb. Phil. Soc. 1851, vol. ix, p. 8). 
The numerical values at 16° C. are: g — 981, 



where v = velocity of the 



a = 2'5, p =1, V = 'Oil, and the equation there- 
fore reduces to v = a^ x 29430, or a = jyr cm. 

The calculated and observed values are found 
to agree fairly well, differences being due to the 
fact that the particles are not in reality spheres, 
and also to changes of temperature producing 
convection currents. 

The method adopted by the Agricultural 
Education Association (see Journ. Agric. Science, 
1906, i, 470) is as follows :— 

1. Ten grm. of the air-dry earth which has 
passed a 3-mm. sieve aie weighed out into a 
porcelain basin and worked up witli 100 c.c. of 
N/5 hydrochloric acid, the acid being renewed if 
much calcium carbonate is present. After stand- 
ing in contact with the acid for one hour, the 
whole is thrown upon a dried, tared filter and 
washed until free of acid. The filter and its 
contents are dried and weighed. The loss repre- 
sents hygroscopic moisture and material dis- 
solved by the acid. 

2. The soil is now washed off the filter with 
dilute ammoniacal water on to a small sieve of 
100 meshes to the linear inch, the portion pass- 
ing through being collected in a beaker marked 
at 10, 8'5, and 7'5 cm. respectively from the 
bottom. The portion which remains upon the 
sieve is dried and weighed. It is then divided 
into ' fine gravel ' and ' coarse sand ' by means 
of a sieve with round holes of 1 mm. diameter. 
The portion which does not pass this sieve is 
the ' fine gravel '. This should be dried and 
weighed. The difference gives the ' coarse sand '. 
If required, both these fractions can also be 
weighed after ignition. 

3. The portion which passed the sieve of 100 
meshes per linear inch is well worked up with 
a rubber pestle (made by inserting a glass rod 
as handle into an inverted rubber stopper), and 
the beaker filled up to the 85-cm. mark and 
allowed to stand 24 hr. The ammoniacal liquid 
which contains the 'clay' is then decanted off 
into a Winchester quart. This operation is re- 
peated as long as any matter remains in suspen- 
sion for 24 hr. The liquid containing the ' clay ' 
is either evaporated in bulk or measured, and, 
after being well shaken, an aliquot portion taken 
and evaporated. In either case the dried residue 
consists of ' clay ' and ' soluble humus '. After 
ignition the residue gives the 'clay', and the loss 
on ignition the 'soluble humus'. Here minimum 

value of 2) = YTTi^fT, '^™- P^'' ^^c., and the mini- 
mum diameter of the particles works out to 
■0013 mm. 

4. The sediment from which the ' clay ' has 
been removed is worked up as befoie in the 
beaker, which is filled to the 10-cm. mark and 
allowed to stand for 100 sec. The operation is 
repeated till the 'fine sand' settled in 100 sec. 
is clean, when it is collected, dried, and weighed. 

Here minimum value oi v = — per sec; the 

10^ 
calculated minimum diameter = '037 mm. 

5. The turbid liquid poured off from the 
' fine sand ' is collected in a Winchester quart, 
or other suitable vessel, allowed to settle, and 
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the clear liquid syphoned or decanted off. The 
sediment is then washed into the marked beaker 
and made up to the 7'5-cm. mark. After stir- 
ring, it is allowed to settle for 12^ min., and 
the liquid decanted off. The operation is then 
repeated as before till all the sediment sinks in 
12j min., leaving the liquid quite clear. The 
sediment obtained is the ' silt ', which is dried 
and weighed as usual. The liquid contains the 
'fine silt', which, when it has settled down, can 
be separated by decanting off the clear liquid, 
and dried and weighed. 

For silt, minimum value oi v = — — cm. per 

sec, minimum diameter of particle = '012 mm. 
For fine silt the diameter obviously lies between 
this value and the one found for clay. 

6. Determinations are made of the 'moisture' 
and 'loss on ignition' of another 10 grm. of the 
air-dry earth. The sum of the weights of the 
fractions after ignition + loss on ignition + 
moisture + material dissolved in weak acid 
should approximate to 10 grm. 

7. It is advisable to make a control deter- 
mination of the ' fine gravel ' in a portion of 
60 grm. of the air-dry earth. The soil should 
be treated with acid, as in (1), and after that is 
removed by decantation, may be at once treated 
with dilute ammonia and washed on the sieve 
with 1-mm. round holes. The 'fine gravel' left 
on the sieve is then dried and weighed. 

The calculated result obviously only holds for 
those particles which take the full time to fall 
through the column. There are always some 
falling iu a shorter time, and having, therefore, 
a larger diameter. The limiting diameters are 
as follows; — 



Name. 


Diameter in mm. 




Maxi- 


Mini- 




mum. 


mum. 


Separated by sifiUig — 






Stones 


— 


25 


Small stones 


25 


10 


Gravel 


10 


3 


Fine gravel 


3 


1 


Coarse sand 


1 


■2 


Separated hy subsidence — 






Fine sand 


■20 


•04 


Silt 


■04 


■01 


Fine silt ... 


■01 


■002 


Clay 


■002 


— 



It is unfortunate that no simple way of ex- 
pressing the results has yet been devised. 

The American method is somewhat different. 
The breaking down of the aggregates is brought 
about by physical means — e.g. violent shaking — 
and sedimentation is sometimes hastened by a 
centrifugal apparatus. Hilgard does not adopt 
a sedimentation method, but proceeds on the 
converse manner: he collects and weighs the 
particles carried off by successive streams of 
water of varying velocity. Full details are 
given in Bull. 24, Bureau of Soils, 1904, and 
in Wiley's Agricultural Analysis, vol. i, where 
the Continental methods are also described. 

Interpretation of Soil Analysis. See Fertility 
and Soils. [e. j. r.] 



Soiling System. — The soiling system may 
be regarded as one which is adapted to the feed- 
ing of cattle, and especially of dairy cattle, on 
a farm which is under arable cultivation and 
where there is little or no grass. It is desirable 
to have some pasture, but there are instances 
where there is practically no grassland at all, 
where the cows are kept in the whole of the 
year, except when they are turned out for 
exercise and drink, and fed upon food which is 
placed for their consumption in their mangers. 
This food from spring to autumn consists of 
green crops usually cut the day before they are 
employed, in order that a portion of the moisture 
may be removed by drying in the sun and air. 
There is no more dangerous plan in feeding cows 
than to give them a large supply of wet or highly 
succulent food of the type of vetches, lucerne, 
sainfoin, or clover, hence the importance of cut- 
ting at least twenty-four hours before they are 
required, and allowing them to wilt. 

■There is a variety of plants suited to British 
farms which may be employed with advantage 
in the soiling system, which is now conducted 
entirely in cowsheds in the suburbs of large 
towns. We refer in chief to lucerne, sainfoin, 
a mixture of clover and ryegrass, ryegrass alone, 
meadow grass, vetches, Trifolium incarnatum 
(crimson clover), trefoil, maize, green rye, cab- 
bage, ensilage, and rape. All these crops cannot 
be grown iu every part of the British Islands, 
but a selection should be made suitable to the 
locality. Feeding stock on the soiling system 
demands great care and forethought on the part 
of the grower. It is essential for him to look 
well ahead and to provide unfailing crops, with- 
out which the feeding would prove a costly pro- 
cess, between spring and autumn in every year. 
Rye is one of the first crops to come into use. 
This may be followed in the south of England 
by crimson clover. Vetches follow almost im- 
mediately after, while cabbage may be almost 
continuously planted during open weather, so 
that it may be held, as it were, as a crop on 
which to fall back in case of the failure of other 
plants. Cows thrive well upon the best white- 
heart cabbage, but when receiving this in large 
quantities they should be pro^^ded with a food 
such as cotton-seed meal or cake, bean or pea 
meal, with the object of checking the too free 
action of the cabbage. We have not referred to 
parsnips and carrots, both of which, like mangels 
and swedes, are better adapted for winter use, 
chiefly owing to the fact that they are more 
difficult to keep, or rather to depend upon keep- 
ing through the summer season. Both carrots 
and parsnips are highly relished by stock, owing 
to their sweetness and their appetizing flavour. 

In conducting the soiling system it is abso- 
lutely essential, if the best results are to be 
obtained, to add something in the form of grain 
or meal to the green ration of the cow or what- 
ever stock is fed upon it. For example, foods 
like lucerne, clover, sainfoin, or vetches, all of 
which are of a highly nutritious character, 
should be supplemented by meal which is rich 
in carbon, such as maize meal, rice meal, or locust- 
bean meal. Barley meal, rye meal, or wheat 
meal may also be employed with great advan- 
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tage, although wheat meal should stand last of 
all, owing to its greater richness in albuminoids. 
On the other hand, foods like carrots, parsnips, 
mangels, swedes and potatoes, green maize, 
green rye, and English ryegrass, may be better 
used in conjunction with a nitrogenous cake or 
meal, such as decorticated cotton cake, or linseed 
cake mixed with cotton cake, rape cake, pea or 
bean meal, all of which are rich in nitrogen. 
To these we may add malt combs, which are 
also rich in the same constituent, and desiccated 
grains which have been well soaked in water 
for at least twenty-four hours before employ- 
ment. Sweet ensilage is also well adapted for 
the soiling system, but care should be taken 
that it is sweet, and not a foul-smelling, sour 
food, which, whatever its feeding properties 
may be, is ill adapted for use in connection with 
the milk supplied, milk taking up its odour and 
its flavour if it is brought into close contact with 
this most disagreeable food. [j. Lo.] 

Soil in Relation to Plants. See aits. 
Soil; Plants, Nature and Functions of; Soil 
Analysis; Fertility; Cultivation, Chemical 
AifD Physical Effects of. 

Soil Maps. — Soil mapping was encouraged 
at an early date ; but the necessity for appreci- 
ating the underlying structure of a country led 
to the formation, in the opening years of scien- 
tific geology, of ' geognostic ' and geological 
maps, from which the superficial deposits were 
omitted. The great features of the world had 
to be iirst delineated, according to their rock 
constitution and geological age ; and river allu- 
vium, peat bogs, and the taluses of extensive 
landslides, were almost the only unconsolidated 
materials set down upon the earlier maps of 
official surveys. In 1871, the Geological Survey 
of the United Kingdom issued ' drift editions ' 
of the geological maps of the London Basin ; 
and the practice of publishing ' drift maps ' in 
addition to those showing ' solid geology ' has 
since been regularly continued. These maps 
meet to a large extent the requirements of the 
agriculturist, since they represent at any rate 
the true subsoils. On a ' solid ' map, while river 
alluvium and bog may be, by a somewhat illo- 
gical convention, represented by special colours, 
boulder clays or ancient gravels, even if 100 ft. 
thick, are omitted, so as to show the underlying 
' rock '. On a ' drift map ', on the other hand, 
a great variety of superficial deposits may be 
shown, and notes are sometimes added as to the 
characteristic soils formed from them. Refer- 
ence to the offices of the Government surveys 
will enable an agriculturist to obtain still 
further details from the original maps on the 
scale of 6 in. to 1 mile. 

It is clear, however, that a drift map is not 
strictly a soil map. "Where, for instance, ' Sands 
and Gravels ' are mapped together, as a par- 
ticular type of drift (see art. Drift), no account 
is taken of the relative fineness of the materials 
in the surface soil. On a valley side, the amount 
of fine material washed down may cause a wet 
loam to accumulate at the foot, while a coarse 
gravel is left higher on the slope. In other 
cases, a mingling of two or more types of drift 
may occur in the soil, and the agriculturist will 



find a greater uniformity of character through- 
out the area than he would be led to infer from 
the drift map set before him. 

This difficulty can be met by mapping the 
boundaries of the types of soil, these types being 
founded on a consideration of their physical and 
some of their chemical characters. At the same 
time the nature of the subsoil may be indicated, 
by a stippling or by any other mode of shading 
which shall show through the colour adopted for 
the type of soil. Or a drift map may be con- 
structed, on which signs may be drawn where 
soil samples have been collected, these signs 
indicating the nature of the soil, and even the 
depth to which material of the same general 
character extends. On the margin of either 
type of map, small vertical sections (or ' pro- 
files ') may be drawn, showing whether the soil 
type remains continuous to a depth of 3 ft. or 
whether a subsoil of another nature may be 
expected within that distance from the sur- 
face. 

In the United States, a separate soil survey 
has been organized by the Bureau of Soils of 
the Department of Agriculture, while the Geo- 
logical Survey is controlled by another Depart- 
ment. Mr. Whitney, Chief of the Bureau of 
Soils, has defined his methods of work in his 
Circular No. 13 (Feb., 1904). He states that in 
the past ' many soil maps had been prepared, 
but they were based upon the geology of the 
area and were of little or no use to the farmer. 
. . . The Division of Soils . . . believed that 
a classification of soils with reference to texture 
and structure, physiographic position, and crop 
values could be made and the areas of different 
soils outlined in colors on maps, and that this 
would enable a farmer or a prospective pur- 
chaser of land in the area to determine at a 
glance the quality and farming value of any 
tract of land.' Types of soil are established by 
the United States Soil Bureau for each area 
undertaken, the character of the crops or native 
vegetation being taken into account. Where 
the crops or native plants, as in Florida, vary 
greatly without any marked dilference in the 
characters of the soil, the botanical aspect must 
be taken as the main factor in soil classification. 
The name given to a soil to express its physical 
texture — clay, loam, sandy loam, &c. — is based 
on its average character to a depth of 24 to 
30 in. Local place-names are attached to the 
types, but these are used also in other areas 
where the soil types prove to be similar. Thus, 
in the portion of an American soil map here 
selected as an illustration (fig. 1), the Triassic 
stony loam (now called Penn stony loam) is a 
' rather heavy Indian-red loam, 8 to 10 in. deep, 
containing from 30 to 60 per cent of red and 
brown sandstone fragments. The subsoil is of 
much the same character to a great depth.' The 
Suffleld clay is a 'clay loam, 12 in. deep, under- 
lain by close -textured laminated clay. Very 
poorly drained;' and so on. The scale of the 
American soil maps is 1 : 62,500, very slightly 
over 1 in. to 1 mile, and 'local variations in the 
character of the soil of less than one-fourth of 
a mile in extent are generally ignored, unless 
this variation constitutes a very prominent fea- 
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ture '. Such maps appear to be nearly akin to 
the drift maps of geological surveyors. 

The maps of the Prussian and Japanese Geo- 
logical Surveys are virtually drift maps with 
numerous soil indications marked upon them. 
The Prussian work (fig. 2) is done on the Gov- 
ernment map on a scale of 1 to 25,000 (close on 
2i in. to 1 mile), and the information scattered 
over the surface and in the margins seems to 
render the map suitable for the agriculturist, 



though the boundaries defined are those of the 
subsoils rather than of precise types of soil. 

It is, indeed, still an open question whether 
general soil maps are required over large areas 
of country already occupied. In such cases, it 
would seem more desirable to work at the prob- 
lems of special districts, and to map the soils 
in question on a really large scale. The Geo- 
logical Survey of Ireland now adds soil indica- 
tions at selected spots on its drift maps on the 
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Fig. 1.— Portion of soil-map by the United States Bureau 
of Soils; tlie original is colour-printed, the colours being here 
represented in black and white (Hartford Sheet, Conn, and 
Mass., 1899). Contour-lines are shown in the original. 
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Fig. 2. — Portion of map by the Prussian Geological 
Survey (Grundabteilung 13, Blatt 56, 1906). The original 
is colour-printed, with the soil-indications in red. Tlie 
lettering indicates tlie nature of soil and sul)soil, witli 
depth of the former in decimetres ; full e.xplauations 
are given in the margins of the map. 



scale of 1 in. to 1 mile ; but its soil maps, with 
the drift also shown, are prepared only in re- 
sponse to special requirements, and on the scale 
of 12 in. to 1 mile (close on 1 to 5300). 

[g. a. j. c] 

Soil Sampling. — It is obviously of the 
first impoi'tance that a soil sample should be 
secured which is thoroughly representative of 
the type of land to be examinecl, whether that 
examination is to be conducted on chemical, 
physical, or biological lines. The selection of 
the points on the ground at which to collect the 
samples is often a matter of some difficulty, and 
depends a good deal on the purpose for which 
the latter are required. 

For example, if it is proposed to make a soil 
map of a clistrict, the surveyor must, in his 



selection, be guided by such considerations as 
the surface features of the ground, and by any 
striking differences in the character of its vege- 
tation. If a good drift map of the district, on 
a large scale, is available, it will be found to be 
of the greatest assistance in obviating the un- 
necessary multiplication of samples drawn from 
one and the same kind of ' drift ', and the subse- 
quent loss of time on the analysis of what would 
be practically duplicate earths. Even when only 
the soils of a small area have to be examined, 
a knowledge of the geology of its superficial 
deposits will help the observer considerably. It 
is important to remember that in the selection 
of a point for the collection of a soil sample, 
the neighbourhood of trees, fences, paths, and 
ditches should be avoided; and it is likewise 
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desirable, when there is a choice, to take the 
sample from pasture rather than from tillage 
land. When the object is merely to ascertain 
the chemical characteristics of a small plot of 
land, as a guide to its cultural value, it is usual 
to take a composite sample by selecting, at 
intervals all over the plot, several points which 
do not apparently ditt'er from the surrounding 
ground; after shaving ofi' the turf aud remov- 
ing dead leaves and other debris not properly 
belonging to the soil itself, a uniform section 
consisting of several pounds of earth is dug 
from each of the chosen points. Then these 
soil masses are thoroughly mixed together, and 
from the mixture a quantity of earth is taken 
which should represent the average soil of the 
area under consideration. 

The collection of an 'individual', that is a 
single sample from one spot, rather than a com- 
posite one representing the average soil of a 
large area, possesses the advantage that a defi- 
nite volume of the soil under field conditions can 
be obtained. This method of sampling readily 
provides one of the data requisite for calculating 
the actual pore space of the natural earth. 

At Rothamsted, soil samples are collected by 
means of a steel box without top or bottom, 
9 in. deep, and measuring 6 in. by 6 in. in cross 
section ; the lower open end possesses sharp 
cutting edges, and the upper end is blunted to 
receive the blows of a wooden rammer. The 
box is driven into the soil until its top rim is 
level with the surface of the ground; the sur- 
rounding soil is then dug away, and the earth 
in the box is carefully transferred to a bag, in 
which it is taken to the laboratory. Two or 
three samples from the same field, collected in 
a similar way, are mixed together in order to 
obtain a fair average soil of the area to be 
examined. The subsoils to any desired depth 
are sampled in an exactly similar manner. 

The following sampler has been adopted at 
the Eoyal College of Science for Ireland and 
also by the Geological Survey of Ireland. A 
rigid steel box (tig. 1), having an internal 




capacity of 2 litres and measuring internally 
20 X 10 X 10 cm., is used for taking the 
samples. This box is open at two opposite 20 
X 10 cm. sides, but is provided with two suit- 
able lids, and the rims at one open side are made 
chisel-shaped, so that the box may be easily 
driven into the soil, while the opposite rims are 
blunt to receive the blows of a hammer or maul. 
A hole is dug into the ground at the spot at 
which the soil is to be collected, and one of its 
walls is cut and smoothed so as to present a 
plane perpendicular face. A large block of the 



unbroken soil behind the latter surface is then 
loosened and lifted bodily out of the hole with 
a spade, and laid flat on the ground so that the 
smooth surface is upwards. The box frame is 
now driven, with a maul, into the soil mass, 
a short side of the box being placed parallel 
to the original soil surface just below the turf, 
and in this way a sample representative of the 
upper 2 decimetres (nearly 8 in.) of the soil is 
secured. The material projecting over the rim 
of the box is cut away and a lid is put on ; the 
soil and box are then turned over, the soil pro- 




Fig. 2.— American 
Earth-borer 



Fig. 3.— Soil Auger, 
spoon pattern 



jecting from the second rim is treated in a 
similar manner, and the second lid replaced. 
The soil is subsequently transferred to a clean 
linen bag, in which it is conveyed to the labora- 
tory for examination. Samples of the subsoil 
may be collected by means of a soil auger (tig. 2) 
to any depth up to 1 metre. 

As the stones in a soil are not uniformly dis- 
tributed throughout the entire mass of the 
latter, there is obviously great danger of intro- 
ducing a serious error into any calculations 
which are based on the results obtained fiom 
the examination of a single sample, especially 
when that sample is small. Hence some soil 
physicists determine the proportion of stones 
in larger quantities of earth than are usually 
collected for analytical purposes. 

For rapid soil- traverses, samples may be con- 
veniently and expeditiously collected by means 
of any of the difi'erent forms of soil auger that 
have been devised for that purpose. The one 
already referred to, known as the American 
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earth - borer, is very useful for sampling at 
depths up to 1 metre. Auother form of soil 
auger, the spoon pattern, is shown in fig. 3. 
Unfortunately these tools cannot be employed 
on soils containing a large proportion of stones. 
Fraenkel's earth-borer, shown in fig. 4, is 
much used in collecting soil samples for bac- 
teriological investigation ; it possesses the ad- 
vantage that it enables one to collect a soil 
sample at any 

depth, (^^^^^^ 



given 
unmixed \,ith 




Fig. 4.— Fraenkel's Earth-borer 



any of the 
earth of the 
overlying layers. 
This form of 
auger consists 
essentially of a 
pointed steel rod 
hollowed near its 
lower extremity 
into a cylindrical 
chamber, open 
at the side, but 
capable of being 
completely closed 
by a sliding lid 
attached to a 
projecting flange 
and operated by 
the latter. In 
collecting a sam- 
ple, the aperture 
of the cylinder is 
covered by the 
lid, the auger 
then driven into 
the soil to the 
desired depth, 
and when the 

latter is reached the instrument is rotated 
towai'ds the right ; this movement first un- 
covers the opening of the cylinder, and as the 
auger is further rotated in the same direction 
the flange scoops into the cylindrical hollow 
of the rod a sample of the surrounding earth. 
Finally, after having turned it a little in the 
opposite direction to replace the lid, the auger 
containing the sample is withdrawn. An ex- 
cellent sampling tool has also been devised by 
No wacki and Borchardt (see Nowacki, Praktische 
Bodenkunde, 4th ed., p. 34). [t. h.] 

Solidag^o virgaurea (Golden Rod) is a 
yellow - flowered composite plant common in 
Britain in thickets and on aea-cliffs. The shoots 
spring up from a stout perennial rootstock ; 
they are erect and rodlike, sometimes 2 ft. high, 
but on sea-cliffs they become dwarfed and are 
then only a few inches high. The leaves are 
narrow and lanceolate, from 1 to 4 in. long. The 
plant is in flower from July to September. The 
golden-yellow flower-heads are small, J in. in 
diameter, and are crowded on the ends of the 
shoots. Each head is composed of 10 to 12 ray 
florets and 10 to 20 disk florets. The fruit is a 
ribbed downy cylinder crowned with white rigid 
hairs (pappus). Many species of Solidago are 
cultivated in shrubberies. [a. n. m'a.] 

Solid-hoofed Pigs, an American breed 



of swine which within recent years has been 
registei'ed as a pure breed. It is said to be 
prolific, quick in growth, strongly prepotent, 
and suitable either for pork-packing or bacon- 
curing. It is also claimed that this breed is in 
great measure immune from swine fever ; and if 
this claim can be substantiated, it should render 
it specially valuable in the United States, where 
hog cholera is so lampaut. The name is derived 
from the peculiar form of the hoof, a charac- 
teristic which is transmitted by all boars of this 
Ijreed to their progeny when mated with sows 
of other breeds. [s. s.] 

Solomon's Seal. See art. Poltgonatum. 

Sombrerite, a concretionary guano con- 
taining fragments of bone, which is associated 
with phosphatized coral limestone in the island 
of Sombrero in the Windward Islands. It is 
excavated as a mineral phosphate, the nitro- 
genous matter having been washed out of it. 
It contains about 31 per cent of phosphoric 
anhydride (P-fls)- [o- ^- J- c.] 

Song Thrush (Turdus musicus). — This 
resident songster, with its brown back and 
speckled breast, is too well known to need de- 
tailed description. The bulk of the food con- 
sists of insects, worms, snails, and slugs, dili- 
gent search being made under plants as well as 
in open spaces. When a snail is secured it is 
held firmly in the beak and battered on a stone 
until its soft contents can be extracted. Wild 
and cultivated fruits also form a part of the 
diet. The bird is of great benefit to agricul- 
ture, and destroys innumerable pests, but the 
fruit grower is justified in keeping its numbers 
down. The cup-shaped nest is commonly found 
in a tree, 4 to 6 ft. from the ground, but is also 
often built in a hedge, or among evergreens, 
and at times, though rarely, on the ground. It 
is constructed of vegetable fibre and moss, plas- 
tered inside with rotten wood, cow dung, and 
clay. The four or five eggs are greenish-blue 
in colour, with dark spots. Two or three broods 
are reared during the season, the first being 
hatched out late in March. [j. R. A. D.] 

Soot has long been used and is highly 
esteemed as a manure. It is composed princi- 
pally of charcoal, but it derives its fertilizing 
properties mostly from the small quantities of 
ammonium salts it contains. It is obtained in 
the combustion of coal and wood, the compo- 
nents of which are largely made up of carbon, 
along with small amounts of nitrogen, sulphur, 
and other substances. AVhen coal is burnt in 
a fireplace the greater part of the carbon burns 
away to carbonic acid gas ; some, however, re- 
mains unburnt and passes up the chimney in 
the form of minute particles, as smoke. The 
soot accumulating in chimneys is formed by 
the deposition of these microscopic specks of 
charcoal. Lampblack is the purest form of char- 
coal, soot being impure charcoal. The nitrogen 
in the coal is evolved mostly as ammonia, the 
sulphur as sulphurous acid ; this latter sub- 
stance fixes the ammonia as a salt. Part of the 
ammonium salts are retained in the soot along 
with some phosphates, potash, and other mineral 
substances, which in a fine state of division 
have been conveyed along with the smoke. Soot 
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contains about 3 per cent of nitrogen; the 
amount, however, is variable, and depends a 
good deal upon the proportion of dirt and cinder 
admixed with the soot. Cinder contains no 
nitrogen ; if, theiefore, much of this substance 
is present, the percentage of nitrogen present 
in the soot would be considerably reduced, and 
its value lowered. When it can be purchased 
at a reasonable price, farmers would do well to 
avail themselves of its use ; but, in purchasing, 
care should be taken that the article is genuine 
and does not contain excessive amounts of min- 
eral matter. The most satisfactory way to pur- 
chase would be upon its chemical analysis, when 
its manurial constituents would be paid for ac- 
cording to their current market values. It is 
used on grassland, as topdressings for straw 
crops, and as a manure for green crops. It is 
highly valued as a manure for market-garden 
crops, where it is also of value as a slug de- 
stroyer. It makes the soil darker, and thus 
may assist in warming light-coloured soils by 
absorbing more of the sun's heat. [r. a. b.] 

Sorgho {Sorghum vulgare, Pers., order 
Gramineie), Imphee, Broom Corn, Chinese Sugar- 
cane, &c., are the names most often used to de- 
note particular races of Kaffir Corn, when these 
are specially grown in order that the stems may 
be utilized as sources of sugar, or the strong, 
nmch branched, and rigid panicles sold as na- 
tural brooms. It would seem likely that these 
approximate most closely to the wild plant Sor- 
ghum halepense. Popularly the sugar-sorghos 
belong to the form often spoken of as S. saccha- 
ratum by many writers. It is largely cultivated 
in the North-western States of America as a 
source of molasses and syrup. After the grains 
have fallen or been removed the panicles harden, 
and are specially traded in all over the world, 
lieing used as whisks or worked up into various 
forms of brushes. It cannot be said that the 
degree of success has been attained, with the 
sugar-sorghos, that was at one time confidently 
entertained. This result is, however, perhaps 
more a consequence of the great prosperity of 
the beet-sugar industrj' (in modern times) than 
due to any failure to produce sugar, of consider- 
able merit, from the plants in question. See 
art. Kaffir Corn, also Millets. [g. w.] 

Sorrel is the name applied to certain plants 
belonging, like a Dock, to the genus Eumex, and 
to the nat. ord. Polygonacefe. The leaves of 
Sorrel are smaller than those of Dock and have 
a strong acid taste, due to the presence of acid 
oxalates. The construction of the flower is also 
different. In Dock only one kind of flower is 
produced, but in Sorrel two kinds; a Dock 
flower is perfect with stamen and pistil, whereas 
a Sorrel makes one kind of flower with stamens 
only, and a second kind with pistil only. This 
pistil -containing flower is entirely devoted to 
the production of seed. 

Two species are common weeds, namely, Sheep's 
Sorrel {Rumex Acetosella) and Common Sorrel 
or Sourock {Rumex Acetosa). 

Sheep's Sorrel thrives best on poor sandy or 
gravelly soils deficient in lime. Underground, 
the plant forms a stem which creeps horizon- 
tally and branches extensively. From this per- 



ennial structure the air shoots ai'ise. In poor 
land these shoots are quite diminutive, only 
3 in. high, but as the land becomes richer the 
shoots also lengthen and become 1 ft. high. 
The leaf-blades are very characteristic, for at 
the base of each blade there is a pair of pointed 
ears spread outwards, and to mark this feature 
the special term hastate is applied to the Sorrel 
leaf. The shoots are in flower fiom May to 
July, and at this stage it is easy to distinguish 
the male plant, with the stamens conspicuous, 
and the female plant, with three crimson-col- 
oured feather-like stigmas projecting from the 
apex of each flower. From July onwards, the 
' seeds ' mature ; the ovary of the pistil becomes 
a glossy reddish-brown three-faced nut, pointed 
at both ends, blunt along the edges, scarcely 
^ in. long and almost as broad, not across the 
middle, but near one end. This nut, called 
' seed ', is closely invested by a husk of persist- 
ing flower leaves. 

The seed of Sheep's Sorrel is a common im- 
purity in commercial grass and clover seeds, 
accordingly the sowing of such impure seed 
should be carefully avoided. Liming at the 
rate of 1 or 2 tons per acre, or judicious manur- 
ing to enrich the land, mitigates the nuisance. 
Sheep browse the plant, and depasturing with 
sheep for two or three years prevents somewhat 
the spread by seed. 

Common Sorrel or Sourock is no creeper ; in- 
stead, it produces tufts of shoots from the apex 
of a taproot, and thus becomes a tufted per- 
ennial. The shoots are 1 to 2 ft. high, and 
flower at the same time as Sheep's Sorrel. The 
leaf-blades are 3 to 6 in. long, and eared like 
Sheep's Sorrel, but in this case the ears slope 
downwards, and to mark this feature of the leaf- 
blade the term ' arrow-shaped ' or sagittate is 
applied. There are usually male and female 
plants, the males making pollen, and the females 
producing seed. This three-faced seed is glossy 
and dark-brown, ^ in. long, ^ in. broad, and 
sharp on the edges ; it is accordingly easy to 
distinguish from that of Sheep's Sorrel. 

In pastures and meadows, on moist, rich soils 
containing iron. Common Sorrel is a prevalent 
weed. For extermination, the plant should be 
cut down early, since flowering begins in May. 
Lime applications tend to check its growth. 
Combined cutting, liming, and judicious manur- 
ing to encourage useful plants, will ultimately 
lead to extermination. [a. n. m'a.] 

Souming and Rouming is, in Scots 
Law, the name for an action whereby parties 
entitled to a servitude right to pasturage over 
a common are entitled to have the right settled 
rateably amongst them. The word ' soum ' de- 
notes a quantity of grass which would pasture, 
according to some authorities, ten sheep or one 
cow, according to others five sheep or one cow, 
and in one case the Court held it to be equiva- 
lent to what would pasture one cow with a calf 
until a year old. The custom of the localitj' to 
a large extent regulates the standard, which will 
vary with the quality of the land in difl'erent 
districts. 'Eoum' is an old word denoting a 
piece of land. The efl'ect of the action is to 
ascertain the amount of stock which the servi- 
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ent tenement {i.e. the common) can pasture, and 
thereafter to determine the proportion thereof 
belonging to each of the dominant tenements 
{i.e. the properties owned by the respective 
commoners), fixed according to their respective 
capacity for winter foddering ; the number of 
beasts to be admitted to the pasture being pro- 
portionate to the number wliich the various 
properties can fodder in the winter. [d. b.] 

Soundness in Animals. See arts. 
Sale ; Ussoundness. 

Sourness in Land. — The decomposition 
of organic matter in normal soils sufficiently 
provided with calcium carbonate does not tend 
to make the soil acid. It is true that some acids 
may be formed which react with the calcium 
carbonate, but the compounds readily decom- 
pose with re-formation of calcium carbonate. 
But if calcium carbonate is entirely absent from 
the soil, some acid is formed which in the absence 
of a base is not neutralized, and which does 
not readily wash out of the soil by rain. The 
ordinary bacterial flora does not survive, and a 
new flora, in which moulds play a distinct part, 
comes in. Such land is said to be sour. 

Soils may also become acid through long-con- 
tinued use of sulphate of ammonia as manure 
without any dressing of lime. The disadvan- 
tages of acid are numerous: (1) bacteria work 
less efficiently in an acid soil, and consequently 
pioduce less humus and nitrates than might be 
expected ; (2) many agricultural crops and good 
grasses will not tolerate acid surroundings ; (3) 
certain plant disease germs flourish in acid soils. 
For all these reasons it is desirable to get rid of 
acid. The method of treatment is, apply lime 
at the rate of 10 cwt. or more per acre, or chalk 
at four times the above rate. Where neither 
chalk nor lime is available it has been found that 
dressings of finely-ground mineral phosphates are 
useful, not so nmeh to neutralize the acid as to 
enable the plant to resist its effect. Basic slag 
is even more suitable, since it contains free lime, 
and is therefore capable of neutiulizing acids. 

Some plants, e.g. barley, swedes, sainfoin, and 
most Leguminosa?, are very intolerant of acids ; 
some, like oats, alsike, rhubarb, will stand more. 
Others will tolerate a good deal, e.g. sorrel, 
broom, cotton grass. These latter are a safe 
indication of the presence of acid in the soil. 

The term 'sour land' is sometimes, but in- 
correctly, used for land containing excess of 
soluble matter ; this is discussed under Alkali 
Soils. [e. j. r.] 

South Africa, Ajgricuiture of.— The 
term British Soutli Africa is one which is some- 
what loosely applied ; it is usually understood 
to mean the British possessions in Africa south 
of the Zambesi, but sometimes the whole of 
Rhodesia, portions of which extend consider- 
ably north of the river, are included. 

According to the latter definition, which is 
the one adopted in this article. South Africa 
consists of four self-governing colonies, i.e. Cape 
Colony, Transvaal, Orange River Colony, and 
Natal — now under a central government and 
forming the Union of South Africa — of Rhodesia, 
and of the Protectorates Bechuanaland, Basuto- 
land, Nyasaland, and Swaziland. 



The total area, which is still very sparsely 
populated, is about one-third the size of the 
Continent of Europe. The total population of 
white persons of European descent amounts to 
about 1,135,000, and of native and coloured per- 
sons under 10,000,000. 

Owing to the extent of country and the com- 
plexity of the subject, it will not be possible 
to do more within the scope of this article than 
to give a brief and very general description of 
the agriculture of the sub-continent, and of the 
system of farming now in vogue. 

Though there are naturally many, and some- 
times striking, variations of scenery, soil, and 
climate to be found in South Africa, yet on the 
whole it is a country of vast, uniform areas, and 
its live stock, and crops, and methods of agri- 
culture are also similar. 

Further, though certain portions of the Cape 
Colony and Natal have been settled for some 
time, and specialized forms of farming, such as 
grape-growing and fruit-farming in the western 
province, ostrich-farming in the south and east 
of Cape Colony, and tropical farming and wattle- 
growing in Natal, have arisen ; and though the 
style of farming practised in the Karoo natu- 
rally diff'ers from that in vogue in the High 
Veld, and yet other methods are followed in 
the subtropical and more northerly parts; still, 
the people have moved about so freely and con- 
stantly, that the variations of soil and climate 
generally have not had the same opportunity of 
influencing and moulding them, and of modifying 
their practice, that they have had in more settled 
countries; consequently the farmers themselves, 
and their live stock and methods of farming, 
are much alike throughout the whole of the 
sub-continent. 

Physical Features. — The physical geo- 
graphy of South Africa is comparatively simple, 
for the sub-continent falls naturally into three 
well-defined areas. The first, or coastal, com- 
prises a strip of land running round the coast 
from the Cape to the Zambesi, and varying in 
width from a few miles at the south to 60 or 
70 miles farther north. On the landward side 
of this piece of low-lying ground, and also, of 
course, running roughly parallel to the ocean, 
is a series of ranges of mountains of which the 
loftiest is known as the Drakensberg ; and these 
mountains, together with their foothills on the 
one side and sundry subsidiary ranges and 
broken ground on the other side, constitute 
the second; whilst a vast plateau occupying 
the whole of the interior forms the third. 

Tlie Drakensberg mountains vary in altitude 
from 7000 ft. to 12,000 ft., while the central 
plateau varies in altitude from 2500 ft. to 
6000 ft. ; it is highest along its eastern side, 
from whence it slopes gently towards the west. 
On some parts of the plateau there are series of 
ridges and mountains, and on others depressions 
like the Karoo; but in the main the country 
consists of a series of plains, in some places 
almost flat, in others gently undulating. 

Climate, Rainfall, &c. — A noteworthy and 
regrettable feature of South African geography 
is the scarcity of water ; beyond a few ' pans ' 
there are no lakes or sheets of water, and the 
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rivers and streams are few in number, and so 
rapid in flow and varying in volume that they 
are useless for navigation. 

As a rule the climate of South Africa is dry, 
rather windy, and exceedingly exhilarating ; it 
is also remarkable for its large amount of sun- 
shine and cloudless skies. Along the south 
coast from Cape Agulhas, the most southerly 
point of the continent, eastwaids to East Lon- 
don, a narrow strip of country has a rainfall 
fairly distributed over the twelve months of 
the j'ear, and sufficient in quantity for the 
general purposes of agriculture. The south- 
west corner of the continent, which includes 
the district around Cape Town, has a winter 
rainfall ; that is, during May to September, as 
the seasons are changed in the southern hemi- 
sphere. Going northwards from Cape Town 
along the coast, the rainfall diminishes very 
rapidly. From Port NoUoth northwards to 
Walfisch Bay tlie climate is one of the most 
lainless in the world. Leaving this arid region 
and travelling inwards brings us to the west- 
ward limit of the summer rains. 

Over the rest of the sub-continent, and there- 
fore over by far the larger part of it, the greater 
part of the rainfall occurs during the summer 
months, October to April, with January as the 
average wettest month ; the winter months 
being practically rainless. 

The summer rains are heaviest along the east 
and south-east coasts, and decrease both iu 
quantity and number of rainy days as one 
travels inwards to the west; but even on the 
western border of the Transvaal the average 
rainfall amounts to 22 to 26 in. (equal to the 
average mean of London). 

The summer rains usually occur during 
thunderstorms, and are sometimes accompanied 
by hail, which at times is very destructive ; 
cyclonic rainstorms also take place in summer, 
and are often accompanied by heavy rainfall. 
Unfortunately, in some seasons these cyclonic 
rains fail, and when they do there is apt to be 
a drought or a partial drought, as the only pre- 
cipitation which then takes place is that due to 
thunderstoims, which are notoiiously uncertain. 

As previously stated, the total rainfall is 
usually good, and would be ample for agricul- 
tural purposes were it suitably distributed ; but 
that is not always the case, for sometimes the 
rains are late in commencing, to the serious 
embarrassment of owners of live stock, who are 
anxious for fresh grass for their animals, and 
to the curtailment of the growing period of the 
crops. Again, instead of the steady soaking 
i-ains and the frequent wet days met with in 
some countries, a certain amount of the rain is 
apt to fall in a succession of light showers, only 
to be immediately evaporated ; and a still greater 
proportion of it in torrential downpours, also 
unsatisfactory, since much of the water runs 
off the ground instead of entering it. Further, 
and more trying still, it often happens, even in 
the most rain-favoured parts of South Africa, 
that long periods — perhaps two or three months 
— elapse without any useful rains. 

The annual average temperature is about 60° 
to 65° F. These figures cover an enormous area. 



as the altitude of the interior above sea level 
nroderates the temperature otherwise due to its 
latitude. The range of temperatures is small 
along the coasts, and frosts are unknown; but 
over the interior night frosts during the dry 
winter months are very frequent, especially in 
valleys over the Cape penirrsula and on the 
lowlands. In other parts of South Africa the 
summer temperatures sometimes reach lOO"", but 
when this occurs the air is so dr-y that little dis- 
comfort is caused. As a rule, no matter how 
hot the day, the nights are cool and refreshing ; 
and though in the warmer portions of the coun- 
try the summers may be a little trying, yet the 
winters are delightful. 

Geology, Soils, &c. — The geological history of 
South Africa, as far as it relates to agriculture, 
is very different from that of Northerrr Europe 
and America. 

South Africa is geologically old, and it lacks 
the newer deposits, and it has had no recent 
glacial period. As a general rule its soils vary 
strictly in accordance with the nature of the 
underlying foi-mations, for they are derived 
directly from them ; soils of alluvial origin 
occur locally, but the association of certain 
soils with particular r'ocks and formations is 
the rule in South Africa. 

Speaking generally, and of course with many 
arrd sometimes noteworthy exceptions, the soils 
of South Africa are thin rather than deep ; and 
as a rule there is not such a marked difference 
betweerr soil and subsoil as is found in many 
parts of Europe and America, nor are they so 
stiff or retentive as many of the clays and 
loams of those countries. 

The prevailing soils are sandy loams of varj'- 
ing shades of red or chocolate, but there are 
also large tracts of a darker and heavier soil 
known locally as black turf (resembling the 
'adobe' of California), and in some of the val- 
leys and certain other places there are alluvial 
soils of great depth and richness, whilst in 
depressions upon the surface are to be found 
dark ' peaty ' or ' vlei ' soils. 

When wet but not too wet, in the case of 
turf and vlei ground, the soils are not difficult 
to work; they are open in texture and fairly 
friable, and a seedbed is easily prepared ; but, 
curiously enough, when dry, all, except the 
lightest of them, become exceedingly firm — so 
hard, in fact, that a traction engine passing 
over them would make scarcely any irrrpression. 

With the exception of black turf and vlei 
soils, humus does not accumulate in the soils 
to the extent it does in the more temperate 
regions. Judged by European standards, the 
soils are not rich ; but owing to the amount of 
light and warmth, and to their open texture, 
what plant food there is in them is readily 
available, and given a sufficiency of water the 
growth of crops is r-apid and abundant. They 
are 'grateful' soils, and respond readily to 
manures. 

Farming Past and Present. — For various 
reasons of climate and history, agricultural pro- 
gress in South Africa has been very slow, and 
farming was for long carried on in a very primi- 
tive manner. 
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There being no sale for agricultural produce 
except in the vicinity of the ports, and the 
keeping of live stock being easier and more in 
conformity with the inclination of the farmers 
as well as more profitable than the cultivation 
of the ground, their attention was mainly de- 
voted to it. In the first instance they were 
simply nomadic pastoralists and graziers in 
common ; but as the interior became more fully 
occupied, it was gradually apportioned into 
farms. The farms were large, and more like 
ranches than farms, the average size being 
about 7000 ac, and in some parts, such as the 
Karoo, considerably more. It was customary 
for a farmer to have two farms — one situated 
in the High Veld, which was particularly good 
for stock in summer, and the other in the Low 
Veld, where grazing and shelter could be ob- 
tained in the winter. 

When selecting a farm the chief considera- 
tions were an adequate supply of water, free- 
dom from diseases and poisonous plants, good 
grazing, shelter, and, if possible, a piece of 
ground capable and worthy of being irrigated. 
Because of its scarcity and of the marvellous 
results obtained from irrigated ground, water 
was, and still is, greatly prized. The water 
supply and the land that can be irrigated are 
the features of the farm, and water rights have 
ever formed one of the chief sources of dispute 
amongst farmers. 

As a rule the farms were demarcated by 
landmarks or beacons, and as a rule entirely 
unfenced. The buildings consisted of a dwell- 
ing-house, a rough stable, and the inevitable 
kraals, i.e. yards, commonly made of stone walls 
some 6 or 7 ft. high, or of stout thorn bushes, 
and without any covering of any kind for pro- 
tecting the cattle at night from beasts of prey. 
Failing a perennial stream, there was usually 
a dam or reservoir fed by an intermittent 
stream, or a spring to provide water for the 
stock and, where possible, to irrigate a piece of 
arable ground. Agricultural implements were 
simple, and consisted of little more than a 
wagon and trek gear, a plough and harrow, 
together with Kaffir hoes, sickles, and a few 
tools like axes and so forth, and perhaps a Cape 
cart. The labour was all performed by natives, 
who, in return for the privilege of living upon 
the farm and having a little ground to cultivate, 
and grazing for a few head of stock, had to 
work a certain number of days each year for 
the farmer ; if wages were paid at all, they 
were very small and m(.istly in kind. 

The cultivation of the crops was conducted 
in the simplest and easiest manner possible. 
The crops were sown broadcast; there were no 
subsequent cultivations ; the crops on dry land 
were left alone until ripe, and those on irrig- 
able ground were watered as required. The 
mealies and Kaffir corn were harvested by re- 
moving the ears or heads, which were shelled 
or threshed by hand, and the wheat and similar 
crops were cut with a sickle ; the grain was 
threshed on a threshing floor by oxen and win- 
nowed by the wind, just as in Biblical times. 

This was the state of affairs prior to the dis- 
covery of gold ; but since that period the whole 



aspect of affairs has altered, and a great change 
has come over agriculture in common with other 
things. At first progress was slow, but in recent 
years it has proceeded more rapidly, and marked 
advances have been made in every direction. 

In addition to hail and drought and other 
climatic troubles, insect and fungoid diseases are 
common. Locusts are perhaps the worst pests 
that vex the South African farmer, but, thanks 
to the action of the Governments of the various 
colonies in taking concerted action to destroy 
them, it seems likely the danger from them will 
be greatly minimized in the future, if not en- 
tirely overcome. Other pests are yielding to 
treatment also, and owing to the action of the 
Governments the outlook as regards the control 
of all and the extirpation of some is hopeful. 

The Veld. — In its natural state, practically 
the whole of South Africa, with the exception 
of some rocky and mountainous portions, is 
covered with vegetation — sometimes thickly, and 
at other times but scantily. In the higher and 
better-watered parts of the country the giass is 
fairly close and comparatively shoit ; in the 
Bush country it is usually thick, and sometimes 
high and coarse. In the more arid and sandy 
or rocky regions the grass gives way to dwarf 
bushes called Karoo bush, edible by stock, and 
various succulent plants. The grasses ai-e mostly 
'bunch' or 'tuft' grasses, and do not form a 
turf such as one finds in Euiope. According as 
the grasses are coarse and strong or thin and 
wiry, resinous and bitter or sweet, or short and 
succulent, the veld is distinguished as ' sour ' 
or ' sweet '. In order to get rid of the long 
coarse grass and to provide green food for the 
stock, the practice of burning the veld at cer- 
tain seasons of the year has arisen ; and the 
making of fire-lines in autumn round the borders 
of a farm is essential to its safety. 

Chief Crops. — Most European grasses and 
clovers do not do well in South Africa; but 
curiously enough the veld does not suffer from 
breaking up in the same way as old pastures 
do in Europe, and when left alone it soon re- 
establishes itself ; immediately after ploughing, 
and for a few years longer, the land is remark- 
ably free from weeds, but after that they rapidly 
accumulate. When the grass becomes thor- 
oughly dry, as it does in the High Veld during 
winter, it seems to lose the whole of its feeding 
value and to become quite innutritions. Of late 
years the practice of cutting the veld for haj', 
and of growing special crops for that purpose, 
has become more common. An undesirable 
feature of the veld is the presence of poisonous 
plants in certain districts at certain seasons of 
the year, and frequently heavy losses are occa- 
sioned by stock grazing thereon. 

Maize, or 'mealies' as it is commonly called in 
South Africa, is the staple crop of the country. 
It is easier and cheaper to cultivate than any 
other crop, and is hardy and rust-resistant, and 
therefore capable of being grown during the 
summer — the natural growing season. It is 
the chief food used by the natives, and is also 
largely consumed by white people, particularly 
the older residents. Maize can be grown wher- 
ever the rainfall exceeds 20 in., and it thrives 
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best in districts that have a good rainfall during 
January and February. 

The ci'op takes from 100 to 180 days to grow 
and ripen, according to the variety and season, 
and the average yield is about 3 bags of 200 lb. 
net per acre on the poor uplands to 6 bags 
on the richer alluvial soils. The crop responds 
readily to cultivation and manuring, and yields 
of 20 bags per aci'e are frequently obtained on 
good land well treated, whilst as much as 35 
bags have been obtained in exceptional cases. 

The Cango, Botman, Bread or Flour Mealie, 
and Kaffir varieties were practically the only 
ones grown in South Africa until the introduc- 
tion of Hickory King and Horse - tooth into 
Natal ; the last two have spread over South 
Africa, and ai'e now cultivated more extensively 
than any other kinds. In recent years several 
new varieties — some of them of considerable 
promise — have been introduced. 

The best South African maize is equal if not 
superior to any in the world ; and it has already 
obtained a high reputation in the European 
markets for quality and condition, as it is so 
well grown, and contains from 4 to 5 per cent 
less moisture than ordinary commercial samples. 

Maize is a decidedly remunerative crop at 
present prices, and, as they appear likely to con- 
tinue, there should be a bright future before 
maize growing in South Africa ; provided the 
facilities afforded for export are maintained, and 
the Governments are careful to grade the maize 
properly, and the farmers to grow only the best 
sorts, keep them pure, and cultivate them well. 

Hitherto maize has been chiefly regarded as 
a food for human consumption, and very little 
of it, or indeed of any artificial food — except 
oat hay and green barley — has been fed to live 
. stock; but methods are changing rapidly, and 
it may safely be predicted that, before long, 
maize will be used for ordinary farm stock, and 
for fattening steers and pigs, as is done in other 
parts of the world. 

Kaffir Corn {Sorghum vulgare) is, next to 
maize, the crop most extensively grown in 
South Africa. It is chiefly cultivated by natives, 
who use it for food and for brewing beer. Like 
mealies, it is a summer crop, and is hardy and 
easy to cultivate. It yields somewhat heavier 
than maize, but the cost of harvesting is a little 
more; and the protection of the crop from birds, 
which are intensely fond of it, is difficult and 
expensive, except in districts where there are 
abundance of natives. 

In addition to Kaffir corn, several other kinds 
of millet, such as the ordinary Boer manna and 
Indian millet (both varieties of Setaria italica) 
and Japanese millet (a variety of Panicum crus- 
gcilli), are largely grown during the summer 
for hay and forage. 

Wheat. — Unfortunately, this crop, like many 
of the other cereals, is very susceptible to rust 
during the summer, consequently its growth is 
more or less restricted to the south - western 
portions of Cape Colony, the eastern part of 
the Orange River Colony, and parts of Basuto- 
land, where it can be grown upon dry land 
during the winter without irrigation, and else- 
where to such land as can be irrigated. Several 



varieties of wheat, mostly local, are grown, and 
others are being tested. 

The yields obtained ai-e good, often amount- 
ing to from 30 to 40 bus. per acre, and on excep- 
tionally rich or well-manured land even more ; 
and, if properly grown and harvested, the qua- 
lit}' is excellent. 

The supply is still far below local require- 
ments, and the imports of wheat and wheaten 
flour into South Africa amount to something 
like ;£1,600,000 in value per annum. 

Eust is the great obstacle to the cultivation 
of wheat, oats, barley, and .several other crops 
in South Africa. Some varieties of them are not 
quite so susceptible as others, and can be grown 
in summer with some success, but by no means 
all, and even the best are uncertain. 

Uats, as already remarked, suffer like wheat 
fi'om rust, and for that reason, with the excep- 
tion of the varieties known as Algerian and 
Sidonian, which are moderately resistant, they 
have to be grown during the winter ; in a few 
parts of South Africa they can be grown at that 
season of the year without irrigation, but that 
is exceptional, and they usually need water. 

In Cape Colony it has recently become the 
practice to grow oats for grain, and in 1909 a 
fair quantity was exported. The usual method 
of treating oats is to cut them a little before 
the grain becomes ripe, and to tie them in small 
bundles or sheaves weighing from 2^ to 5 lb. 
each ; this is known as oat hay or forage, and, 
cut into chaff, or fed whole, it is the common 
food of horses and mules in the stable or on 
trek, and of milch cows when stabled. A local 
variety, known as the Boer oat, is admirably 
suited for this purpose, as it has a short fine 
straw and large spreading head. 

The weight of oat hay per acre varies from 
1500 lb. to 3000 lb., and it realizes from 5s. to 
9«. per 100 lb. on the market. In the olden days 
the hay was invariably sold by the 100 bundles, 
but now it is becoming customary to sell it by 
weight, and, for the more progressive farmers, 
to press it into bales instead of making it into 
small and uneconomical bundles. 

Barley. — Promising samples of brewing bar- 
ley have been grown experimentallj', but at 
present prices the crop is not as profitable as 
wheat, and the risks from insect and fungoid 
diseases and of damage from rain when harvest- 
ing are greater. Local bi'ewers import most of 
their malting barley, but they are testing the 
six -rowed Cape barley {Hordeum hexastichon) 
grown in the Cape Colony and in the Orange 
River Colony. Some excellent barley of the 
Chevalier and Goldthorp types has been grown 
at the Experimental Farm, Potchefstroom. Cape 
barley is hardy and shrubby in habit and quick 
growing, and is widely cultivated on irrigated 
land in the colder districts as a forage crop, as 
it produces a welcome supply of green food 
when most wanted, i.e. during midwinter. 

Miscellaneous Crops. — The European horse- 
bean does not do well in South Africa, and Soy 
Beans {Glycine hispida) are more promising for 
regions of summer rainfall, though some diffi- 
culty has been experienced in getting this crop 
to thrive, perhaps for lack of the requisite soil- 
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bacteria. The Chick-pea or gram {Cicer arieti- 
num) and Pigeon Peas or Dhol {Cajanus indiciis) 
are satisfactory as summer crops in the warmer 
parts of the country. 

Eye, Nepaul Barley (Barley-wheat or Hor- 
deum trifurcatum), Buckwheat, and Linseed are 
also grown to a limited extent for grain or for 
forage as the case may be. 

Lucerne is, par excellence, the perennial hay 
crop where irrigation can be practised ; it can 
also be grown with a fair amount of success on 
dry land, provided the rainfall is good ; in either 
case the soil should be deep, rich, and well- 
drained, and such areas are limited in number 
and extent. On good land under water an aver- 
age of 2000 lb. of dry hay per cutting is usual, 
and six cuttings per season ai'e frequently ob- 
tained. In recent years prime Lucerne hay has 
been selling for from £b to £8 per ton of 2000 lb. 
Lucerne is greatly prized in Cape Colony as a 
food for ostiiches both for grazing and feeding 
as hay, and in favoured districts, like Oudts- 
hoorn, enormous sums of money are paid for 
land suitable for growing it for that purpose. 

A variet}' of grass introduced by the Trans- 
vaal Department of Agriculture from Abyssinia 
and known as Teff {Eragrostis Abyssinica) has 
proved most useful as a hay crop, and is now 
being largely cultivated in the Transvaal. 

In addition to the crops already mentioned. 
Cow Pea ( Vigna catjang), Kaffir Beans ( Vigna 
catjang var.). Velvet Beans {Mucuna utilis), Teo- 
sinte (Ev.chlwna mexicana var. luxurians), and 
several other crops are being experimented with 
for the making of ensilage. 

EooT Crops. — Of the root crops, mangel 
wurzel is the most satisfactory. Swedes, white 
turnips, and kohlrabi do not do particularly 
well except in the cooler, moister parts of the 
country. Cabbages of various kinds can be 
grown, and prove very useful at times. Sugar 
beet does well in various parts of the country, 
but for several reasons, mostly economic, it has 
not yet been found possible to establish factories 
for the conversion of it into sugar. 

Potatoes are grown extensively, especially for 
the Johannesburg market, where they usually 
command a good price. With skilful manage- 
ment and water it is possible to grow two crops 
a year; without water only one crop can be 
obtained. Most of the European varieties suc- 
ceed in South Africa, but, owing perhaps to the 
i-apidity with which tliey grow, and to their 
not ripening very thoroughly, the potatoes do 
not keep so well as they do in Europe. The crop 
which ripens during the summer keeps for a 
very short time, whether raised or not ; the 
crop which ripens in the autumn, just as the 
dry weather sets in, will keep sound and fresh 
for much longer if allowed to remain in the 
ground, but not other^vise. Probably, for the 
same reason, i.e. imperfect ripening, or it may 
be from the varieties not being really suited to 
the country, or because the plant itself is not 
really at home, it is said to be difficult to obtain 
good seed locally; and the bulk of the potatoes 
grown in South Africa are from seed imported 
from Europe, which naturally adds enormously 
to the expense of the crop, and acts as a heavy 



drain upon the country. As regards size and 
quality, the tubers compare very favourably 
with those produced elsewhere. 

In the warmer parts of the country the Sweet 
Potato {Ipomcea Batata) and on tropical areas 
the Cassava {Manihot palmata var. Aipi) thrive 
admirably. 

Pumpkins, another favourite South African 
vegetable, grow freely and to an enormous size, 
and if thoroughly ripe, keep for a long time. 

Tobacco, Sugar Cane, Tea, and Coffee. — 
Tobacco has always been a popular crop with 
the Boers, and a small patch of it is grown on 
most farms in the warmer parts of the country. 
The northern slopes of the Magaliesberg range 
in the Transvaal, particularly in the Rusten- 
burg district, produce a pipe tobacco which has 
become widely famed. Until lately tobacco has 
only been grown for local consumption and for 
pipe smoking. The ordinary ' Boer ' or ' Trans- 
vaal ' tobacco is described as a coarse bastard 
variety, oiiginally of Sumatran origin, but now 
much mixed with other varieties that have been 
introduced from time to time and allowed to 
cross with local tobacco. Its nicotine content 
is lower than in most tobaccos, and it bui'ns 
readily; its aroma is not pleasant, and it pos- 
sesses a peculiar flavour, but it is light, and can 
be smoked all day without affecting the head 
or burning the tongue. People often do not 
like the tobacco at first, but after they have got 
accustomed to it they become as fond of it as 
the older residents are, and, like them, will 
smoke no other. 

Since the war, efforts have been made by 
private individuals and by the Governments 
of the various colonies to improve and extend 
the tobacco industry and to establish an export 
trade, and there is good ground for hoping that 
a sound and profitable tobacco industry may be 
established in South Africa before long. 

Sugar cane is the principal product of the 
coastal region of Natal, and is also cultivated 
in Zululand ; though it does well in those dis- 
tricts, it is somewhat exacting as to its require- 
ments, and outside certain areas it is not likely 
that it will be much grown in South Africa. 

Tea is also successfully grown in the lower 
and warmer parts of Natal, but as with sugar 
cane, and for the same reasons, its cultivation 
is not likely to become very extensive. 

Coffee was formerly grown in Natal and in the 
tropical and subtropical parts of the Transvaal, 
but unfortunately the coffee disease (Hemillia 
vastatrix) broke out and rendered the cultiva- 
tion of the crop impossible. 

Fibre Plants. — Cotton, Eamie {Boehmeria 
nivea), Sisal (Agave rigida var. sisalana), Phor- 
mium (Phormium tena.v), Hemp, Jute, Broom 
Corn (Sorghum technicum), as well as various 
native fibre plants, are being experimented 
with in different parts of the country. Excel- 
lent samples of cotton have been produced, and 
it is quite probable that in the warmer regions 
the growing of it and of some of the other fibres 
may be considerably extended. Both oil seeds 
and nitrogenous food for cattle are required in 
Africa, and the cotton seed should prove useful 
for these purposes. 
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OlL'-BEAEiNG PLANTS. — Peanuts {Arachis hy- 
pogwa) grow well in the Middle and Low Veld. 
Like cotton seed tliey yield a valuable oil, and 
the residue makes an excellent cattle food. As 
at present cultivated they are expensive to 
harvest, but if the cost of this operation can 
be reduced by the use of machinery, as seems 
pi'obable, the crop should be extensively grown. 
The alternation of peanuts with maize is said 
to form a good rotation. 

Castor Oil (Hicinus communis) produces one of 
the best lubricating oils known. The plant grows 
wild in abundance in the subtropical parts of 
the countrj'; but the expense of picking is a 
heavy item, and so far it has been found more 
profitable to produce other crops than it, though 
it is quite possible that some day it may be 
grown on a considerable scale in districts free 
from fi'ost and well supplied with native labour. 

In addition to the above, several other oil 
and fibre plants, and plants for miscellaneous 
purposes, such as calabashes for pipes {Lac/e- 
nana vxilgaris var.), loofas or vegetable sponges 
{Luffa cegyptiaca), bird seeds (Panicum milia- 
ceum), everlasting flowers {Helichrysum vesti- 
tum), and many other plants are being tested 
or grown on a small scale ; in fact, South Africa 
possesses such a variety of soil and climate that 
there are but few crops that cannot be grown 
in one part or another of it. 

Fruits, &c. — Owing to the diversity of soil 
and climate, almost every kind of fruit can be 
grown. 

Viticulture and the making of wine and 
brandy was established in the western districts 
of Cape Colony, which have a winter rainfall 
and dry sunmier, in the early days of settle- 
ment, and forms the main industry of that dis- 
trict. Tlie grapes flourish exceedingly, and a 
well-kept Cape wine farm is a beautiful sight. 

In addition to grapes, the western province, 
through the foresight and enterprise of the late 
Mr. Cecil Rhodes, has become an important 
centre for the growth of apples, pears, plums, 
peaches, and nectarines, as well as oranges and 
lemons ; and that district now exports large 
quantities of fruit to Europe which find a 
ready sale there. 

In Natal the growth of tropical and sub- 
tropical fruits, such as bananas, pineapples, 
papaws. Avocado pears, mangoes, and citrus 
fruits, is carried on to a considerable extent, 
and citrus fruits and pineapples are exported 
in large quantities. 

The orange is the chief South African fruit; 
it requires a fairly deep and well-drained soil, 
with water and a frostless climate. The eastern 
province of Cape Colonj' is well advanced in 
the culture of citrus fruits and produces the 
greatest quantity, but its culture, as indeed the 
culture of all kinds of fruits, is increasing all 
over the sub-continent. During the last few 
years citrus fruit has been sent to London, 
where it has been greatly appreciated. 

As with other kinds of farming, fruit-growing 
has its drawbacks, the chief being the liability 
of the fruit to be damaged by excessive rains 
just as it is ripening, and by hailstorms, which 
in some districts are very persistent and de- 



structive. Insect and fungoid diseases are also 
bad at times. 

Timber. — Africa south of the Zambesi is a 
very poorly wooded country. Large stretches 
of it, like the Karoo, the Orange River Colony, 
and the High Veld of the Transvaal and Natal, 
are treeless, except along the rivers and water- 
courses. There are two main types of forest — 
the dense evergreen forests and the open sciub 
forests. The former are confined to the regions 
of the highest rainfall, viz. the coastal belt from 
Cape Town to Natal and Zululand, and the sea- 
ward slopes of inland mountain chains, such as 
the Amatolas and the Drakensberg. The num- 
ber of species of trees found in the forests is 
large, but the timber of only about a dozen 
kinds is generally worked. Some species like 
the Yellowwood reach lofty proportions, trees 
of over 100 ft. in height being not uncommon. 
Most do not, however, reach much more than 
from 60 to 80 ft. 

Stinkwood {Ocotea hullata) is the most valu- 
able timber produced, and the demand much 
exceeds the supply. It is highly prized for the 
manufacture of furniture and wagons. 

Yellowwood ( Podocarpus elongata and P. 
thunbergii) forms the bulk of the wood turned 
out from the forests, and is, after being creo- 
soted, utilized for railway sleepers. 

The other principal species are chiefly wagon- 
woods. The only wood exported is Boxwood 
(Gonioma Kamassi). The total area of these 
forests is not much more than 1000 sq. miles. 

The scrub forests are more extensive, and 
occupy large areas in Cape Colony, Natal, the 
Ti'ansvaal, and Rhodesia. The trees composing 
them do not reach a great height, anything 
from 15 to 40 ft., according to soil and climatic 
conditions. They do not form close canopy, and 
gr-ass grows freely in between them. Farms on 
which this class of forest is found are highly 
esteemed by stock-breeders for grazing. 

Various species of acacias are the largest 
element in these forests, which, generally speak- 
ing, produce but little timber of any technical 
value. Fuel, fencing poles, and pit props com- 
prise the bulk of the output. 

From the above it will be seen South Africa' 
is practically dependent for its wood on im- 
ported timber. During the year 1907-8 the 
value of manufactured and unmanufactured 
timber brought into the country reached the 
large total of .£555,181, and as the country 
develops this total will naturally increase. 

In view of this, and of the fact that many 
exotic trees grow well, each South African 
Government has undertaken some afforestation. 
The Cape Colony acted as pioneer, and more 
recently Natal, the Orange River Colony, and 
the Transvaal have %'igorously followed its good 
example. At the Cape there are now over 
30,000 ac. of plantations, and in the Transvaal 
about 3000. Eucalypts from Australia and pines 
from South Europe and California are the kinds 
most extensively planted. 

It would not do to conclude this note without 
referring to the wonderful forest industry that 
has been built up in Natal by private enter- 
prise. Twenty-five years ago a small start was 
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made ia planting the exotic Tan Bark "Wattle 
(Acacia decurrens var. mollis); now there are 
nearly 200,000 ac. under this crop, and the 
value of bark exported in 1907 was £136,000. 
This striking result is unique, and unparalleled 
in the history of forestry. 

Wild Animals. — The quantity and variety 
of gi'eat game wliich originally inhabited South 
Africa, and the number of cattle possessed by 
the natives, furnishes the best possible proof 
of the suitability of the country for live stock. 
Within the memory of men now living, the 
country was tenanted by vast numbers of ele- 
phants, rhinoceroses, hippopotami, buffaloes, 
wildebeest, hartebeest, elands, and other ante- 
lopes too numerous to mention, as well as 
giraffes, quaggas, zebras, wart hogs, bush pigs, 
and ostriches ; the amount of smaller animal 
life was equally large, and amongst and upon 
the mass lived beasts, birds, and reptiles of 
prey — lions, leopards, jackals, wild dogs, croco- 
diles, and eagles. 

Live Stock. — Of domestic breeds of cattle the 
native breeds were active, hardy, and thrifty, 
and, what is very important, were resistant to 
or tolerant of the majority of the enzootic dis- 
eases vnth which the country abounds, but in 
many particulars they fell short of modern ideas 
of what domestic animals should be, and in some 
approximated very nearly to their wild relatives 
in the veld. 

The problem that confronts stock farmers in 
South Africa — and it is a great and pressing 
one — is how to produce breeds of stock adapted 
to the country, reasonably hardy and economical 
to keep, and such as will satisfy the require- 
ments of the public to whom they or their pro- 
ducts will be disposed of ; that is to say, horses 
suitable for draught purposes, or remounts for 
the army ; cattle that will provide as large a 
proportion of prime beef to their live weight at 
as early an age as possible, or a large supply of 
rich milk ; sheep which will yield neat joints of 
mutton or heavy fleeces of fine wool; pigs that 
will supply prime bacon and hams; and so forth. 

The necessity for improving the quality of 
the stock has been recognized by the more 
enlightened farmers for some time, and a ten- 
dency to obtain better animals is increasingly 
manifest, and in Merino sheep and ostriches, 
particularly, great strides have been made. 

But South Africa is at a serious disadvantage 
at present, as compared with the United States 
of America, Canada, Australia, the Argentine, 
and other great stock countries, in the danger 
and difficulty that is incurred in acclimatizing 
in?ported animals. 

In i-egard to many of the diseases, animals 
bred in the country, or in the parts of the coun- 
try where they exist, either become tolerant of 
them or immunized against them (or, in the 
words of the country, ' salted '), through having 
mild attacks of them when quite young; but 
imported animals often suffer severely. 

The High Veld is fairly healthy for all kinds 
of stock, and animals can be acclimatized there 
with greater safety than in any other part of 
the country ; but the introduction of animals 
from oversea into the warmer localities and the 



Bush country is a hazardous business, and so — 
though to a lesser extent — is the movement of 
stock from the High Veld into these areas. The 
existence in certain localities of plants poisonous 
to live stock has already been mentioned. 

The different diseases, and other obstacles to 
the importation of live stock, are now being 
thoroughly investigated by the various Depart- 
ments of Agriculture (see section at end of 
article). Light has already been shed on some 
of them, and it is hoped will soon be forth- 
coming on others. Private individuals are also 
striving to improve the breeds of live stock by 
devoting more attention to them, and by the 
introduction of pure-bred sires. As a matter 
of fact, there have been occasional introductions 
of pure-bred stock since the days of the first 
occupation of the country by Europeans, and the 
influence of animals so imported is visible to-day; 
though the work was performed in such a spas- 
modic, unsystematic, unscientific manner that 
the results were not as great as they might have 
been, nor commensurate with the expenditure. 

The prevalence of insect pests is a serious 
nuisance to stock farmers. Not only do they 
act as carriers of disease, and as the actual 
cause of the disease in the case of internal 
parasites, but the ticks more especially, which 
abound in the Bush Veld, cause great loss simply 
by sucking the blood of animals. All animals, 
even poultry, are liable to be infected with 
them. The remedy is constantly spraying or 
dipping the animals with an insecticide, or 
starving the ticks out by completely clearing 
the veld of stock for a year or more. 

Horses. — The 'Boer horse' and the ' Basuto 
pony' are the native types of the country. Both 
are comparativel}' small, 13'2 to about 14 hands, 
stout in build and rounded in frame. The pre- 
dominant colours are browns and bays. They 
are very hardy, possess much ' staying power ', 
are capable of performing much saddle and 
'light cart' work on coarse fodder, and in com- 
parison to their size carry ' heavy weights '. 
The type of horse in greatest demand is a hardy 
comfortable hack, and at the same time a horse 
capable of doing 'Cape cart' or light 'trap' work 
at a steady pace over a long distance. For this 
purpose the Arab and the Thoroughbred have 
to the greatest extent been used for improving 
the size, fleetness, and quality of the offspring 
from country-bred mares, and for supplying the 
demand for a better-bred horse for remounts. 

The Governments of the Transvaal and the 
Orange River Colony maintain stud farms, from 
which are leased to horse - breeders a goodly 
number of Thoroughbred stallions, with ob- 
viously beneficial results. Two endemic dis- 
eases, ' horse sickness' and ' biliary fever ', which 
occur over a great part of South Africa, par- 
ticularly in the northern territories, prevent 
horse-breeding from being carried out on a more 
extensive scale. Much of this land is suitable 
for raising horses cheaply, and with suitable 
shelter and winter feeding good serviceable 
horses for military and private purposes can 
be bred. 

Hides and Donkeys. — Mule-breeding is car- 
ried on, but the output is insufficient to supply 
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the demand, consequently mules are imported — 
chiefly from the Argentine. 

The Cape Colony Government has rendered 
considerable assistance to mule-breeding by im- 
porting Catalonian Jack donkeys. Recently the 
Transvaal Government has given some atten- 
tion to the matter by importing donkey sires 
of the same kind, and also a few Catalonian 
mares. The donkeys of the country, though 
small, are in some districts, particularly those 
in which disease regulations prevent cattle being 
used for transport, and again in ' horse-sickness ' 
localities, largely used for transport. 

Cattle. — Two fairly distinct indigenous types 
are found, i.e. the 'Afrikander' and Native 
cattle — Matabele, Mashonaland, Angoni, and 
Zulu. The ' Afrikander ' is essentially a ' trek 
ox'. Active, intelligent, and docile when trained, 
and built on suitable lines, it is eminently suit- 
able for draught work. Its history is wrapt 
in mystery, but it is generally believed that 
the cattle of Poitugal had, several generations 
ago, some influence upon its development. The 
pure-bred Afrikander is recognized to be red in 
colour, with a rather long, narrow head; elegant, 
long, and sweeping horns; heavy muscular neck 
and shoulders (indicative of draught power); 
a rounded body with sloping hind quarters, a 
long thin tail, and fine bones throughout. In 
its general characteristics and expression this 
breed is somewhat deerlike. It possesses great 
natural hardihood, and maintains its condition 
well under adverse circumstances; but its growth 
and maturity are very slow, and as slaughter 
cattle of good quality the breed is too thin of 
flesh in the best parts, and the fore quarters are 
too heavy in proportion to the hind quarters. 
The full-grown ox, at six to eight years, weighs 
about 650 lb. dressed carcass. As foundation 
stock, the breed is of the greatest value for 
grading up with sires of improved breeds. 

The native cattle mentioned derive their names 
from the territories in which they are to be 
found, mostly in the possession of the native 
races. They are less definite in type than the 
Afrikander, and are of mixed colours, small, 
much rounded in outline, and of good quality. 
Their dressed carcass weight at full growth is 
from 350 to 450 lb. ; the Angoni and Mashona- 
land cattle being the smallest. 

Among imported breeds, the black-and-white 
Dutch cattle, i.e. the ' Friesch ' (Friesian) breed 
from Holland, have to the greatest extent been 
used for improving the stock of the country. 
This cross produces an animal large in size, 
coarse in frame, thin of flesh, but of improved 
milking qualitie.s. A large number of grade 
cattle, chiefly black and black-and-white, of this 
description are to be found in the country, and 
make useful general-purpose cattle. 

British breeds of live stock are gaining in 
popularity, and are being introduced to an 
increasing extent. The Shorthorn, but more 
largely the ' South Devon' breed, are the breeds 
at present most in favour on large stock farms. 
In the Cape Peninsula a number of Ayrshire and 
Jersey herds are kept. These two breeds have, 
together with the 'Friesch' and the 'Kerry', 
played an important part in the creation of 



the famous 'Cape Dairy Cow'. The Hereford, 
Aberdeen -Angus, and Sussex breeds have of 
recent years given most promising results. 

It is yet too early to decide what improved 
breeds are the most suited to the country, but 
briefly stated, the position at present is as fol- 
lows. The 'Friesch', South Devons, and Short- 
horns (including Red Lincoln) appear to be 
adapted only to the best giazing land and to 
farms where winter fodder, either in the shape 
of green pasture or artificial feeding, can be 
supplied. Among beef breeds, Hereford, Aber- 
deen-Angus, and Sussex prove hardier and more 
thrifty under less favourable conditions. Of 
the dairy breeds, the Ayrshire appears to be 
more hardy than either the Jersey or 'Friesch' 
under similar conditions. Red Polls and North 
Devons have been tried with varied success, 
but do not appear to be increasing in favour. 

The conditions of the country at the present 
time are more adapted to the maintenance of beef 
than of dairj' breeds, on account of their greater 
hardihood and better constitution. Neverthe- 
less dairying is making headway, and with more 
knowledge and enterprise in connection with 
the provision of winter feeding and shelter, the 
industry will advance. 

The breeding of cattle for draught purposes, 
or ' trek cattle' as they are termed, is now gene- 
rally regarded as being of secondary importance 
to cattle for slaughter and dairying purposes. 
The appreciation of the fact that improvement 
in the class of stock reared must go hand iu 
hand with better methods of management in 
order to obtain the best results, is being lecog- 
nized more and more by the South African 
stock-breeders. 

Realizing the importance of establishing pure- 
bred herds in the country, and the diflliculty 
for private enterprise to carry it out, the Trans- 
vaal Government, and to a lesser extent the 
Government of the Orange River Colony, have 
established pedigree herds of diff'erent breeds 
upon their stud and experimental farms. Pure- 
bred bulls from this stock are sold to stock- 
breeders throughout the country. 

Sheep. — The sheep native to the country are 
commonly called 'Afrikander' or ' Fat- tailed'. 
The head is brown or black, often with white 
marks, and the body is white covered only with 
hair. It stands on rather long legs, and is long 
and narrow, the shoulders and quarters ai-e 
small, and the tail is, when in good condition, 
very large and fatty, often weighing 7 lb. The 
average weight of the carcass is about 45 lb. It 
is considered that this fatty tail is a provision of 
Nature, in order to maintain the vitality of the 
sheep during prolonged periods of drought. 
These sheep are undoubtedly very hardy, and 
thrive in districts to which woolled sheep are 
not suited. One lamb only is born at each par- 
turition, and these sheep will ' take the ram ' 
when still suckling their lambs. In this way, 
two crops of lambs are often reared during the 
year. Indeed, if this breed is allowed to have 
a long resting period, the tails become so large 
with the improvement in condition that it is 
a physical impossibility for sexual intercourse 
to take place. 
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The small, short-tailed and thick-set black- 
headed ' Persian ' sheep, native to the southern 
parts of Egypt and Somaliland, is very largely 
used for crossing with the Afrikandei'. The 
'Persians' are equally hardy and more compact 
sheep, possessing mutton of fine flavour and fine 
in fibre. Furthermore, the lambs of the Per- 
sian cross mature early. When the time arrives 
for an e.xport trade to be undertaken — and it 
does not appear to be far distant — there is some 
prospect that the carcasses of these sheep will 
find a satisfactory European market. The joints 
and cuts are small, but the quality is good, and 
there is reason to suppose they would be popu- 
lar with the small householder. The sheep in- 
dustry of South Africa, however, depends upon 
its export of wool. Large areas of country, 
still insufficientl}' stocked, are almost ideal for 
growing Merino sheep and wool of the highest 
quality. History relates that Merino sheep were 
exported to Australia from the Cape Colony for 
the purpose of improving the sheep of that con- 
tinent. To-day the position is reversed. South 
Africa is buying Merino sheep from Australia 
for the same purpose. Rapid strides are being 
made in improving the quality of the wool pro- 
duced, and improved methods of classification, 
packing, and so forth, are enhancing the value 
of South African wool in the European mar- 
kets. The Cape Colony is the chief exporter of 
Merino wool, but the Orange River Colony and 
Transvaal are making rapid progress in this 
direction. Parts of the country where sheep 
cannot at the present time be successfully reared 
will, when it has become grazed down by large 
stock, become suited for this purpose, and the 
area of sheep land will be extended. 

A few British breeds of sheep, in small num- 
bers, have been introduced for crossing pur- 
poses, but the matter is still more or less in an 
experimental stage. On the whole, the short- 
woolled Down breeds appear to be likely to 
prove the most suitable. Crossed on the Afri- 
kander or Afrikander - Persian, a good and 
heavy mutton sheep is produced, which at the 
same time grows a fleece of coarse wool. 

Ooats. — A type of goat common to the coun- 
try is the ' Boer' goat, whose chief value lies in 
its hardihood, and power to thrive in districts 
unsuitable for sheep. In such places its flesh is 
used for meat, and the hides exported. 

Large flocks of Angora goats are kept in tlie 
Cape Colony, from which is exported some of 
the finest mohair the world produces. Great 
attention has been paid to their breeding and 
improvement, and the export of these goats 
from the country is Jealously guarded by regu- 
lations. The large area of Karoo land in the 
Cape Colony, where small and nutritious ' bush' 
of many kinds grow, is ideal for raising goats. 

Ostriches. — The Cape Colony is even more 
famous for its ostrich feathers, in which it has 
practically a monopoly of the world's trade. 
Here the African ostrich has been domesticated, 
and several hundreds of birds are often kept on 
each farm. See article Ostrich Farming. 

Pigs. — In the northern and less inhabited 
areas the wart-hog or wild pig is still found in 
a wild state. Then a type of pig, black in 



colour, with narrow, straight head, short thick 
body, very fat and coarse, is practically native 
to the country. At full growth the carcass 
weight of this pig is about 120 lb. 

On the whole, pig-keeping does not receive 
the attention it deserves ; the pigs are generally 
allowed to roam about the farm and shift for 
themselves. Several breeders are, however, now 
giving increased attention to the management 
of pigs, and a great improvement in the class 
of pig bred in the country is taking place. 
This is particularly noticeable in the vicinity 
of mining areas, where large quantities of waste 
food from the 'native compounds' are obtained 
cheaply. A few bacon factories have been es- 
tablished in different parts of the country; and 
with the extension of the dairy industry, the 
pork and bacon production in the country is 
certain to increase. 

The Berkshiie, Large Black, Tamwoith, and 
Yorkshire (especially the Large White) are all 
bred in the country, and crossed with the com- 
mon native and cross-bred pigs. Of these breeds, 
the Berkshire and Large Black are likely to 
prove the most suitable for the conditions of the 
country. The Large White Yorkshire sufl'ers 
from ' sunburn ', and the Tamworth is often 
unthrifty, particularly in cold districts, and 
takes longer to come to maturity. 

PotTLTRT. — All the ordinary breeds of poultry 
are kept, but, as a rule, the lighter breeds thrive 
better than the heavier and more clumsy ones. 
Judging from the number of wild game birds, 
poultry should do particularly well in South 
Africa, but, like live stock, they are afflicted 
with a good many mysterious ailments. The 
investigation of these diseases, and the discovery 
of remedies or preventives for them, will con- 
fer a great boon on poultry keepers and on the 
country at large. 

Diseases or Domesticated Stock in South 
Africa. — For many years South Africa had 
more than its share of stock diseases, since 
many of the European plagues obtained a hold 
in South Africa, in addition to those which be- 
longed to the class of tropical diseases. 

Thus at one time pleuropneumonia and rin- 
derpest in cattle, glanders and epizootic Ij-m- 
phangitis in equines were very prevalent, but, 
thanks to proper legislation and precautions by 
the various agricultural departments, these dis- 
eases have been effectively dealt with. Rinder- 
pest and foot-and-mouth disease have completely 
disappeared ; glanders and epizootic lymphan- 
gitis are under proper control, and there is 
every reason to believe that under the present 
system, and with the assistance of the Govern- 
ments, these latter diseases will also disappear. 

Of the tropical diseases introduced into South 
Africa the most formidable one is East Coast 
fever, which kills about 95 per cent of cattle 
affected. It is due to the presence of a blood 
parasite called Piroplasma parvum, and is car- 
ried by ticks of the Rhipicephalidfe. This dis- 
ease is still known in a few parts of Rhodesia, 
some parts of the Transvaal, and is very pre- 
valent in Natal. Successful legislation has been 
based on (1) a thorough knowledge of the way 
in which it is spread; (2) the fact that only a 
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sick animal carries the infection; and (3) that 
after a certain time an infected area Ijeconies 
clean if the cattle are removed. In the two 
former countries it has gradually been driven 
back, and every reason exists to believe that 
it will be finally stamped out. 

Eedwater in cattle is known to have been 
introduced into South Africa, but it has so 
established itself throughout the various parts 
that it has become endemic. The disease is due 
to the presence of Piroplasma bigeminum in the 
blood. The immune animal retains the infec- 
tion in the blood, and since the disease is car- 
ried by ticks (the blue tick) it is easily under- 
stood that wherever immune animals and ticks 
are present the disease will remain. Foitu- 
nately animals born in the country do not 
suffer so much from it, and, as a rule, recover, 
so that a herd can be reared immune against 
this disease. It follows therefore that imported 
animals from countries where no redwater exists 
are the principal sufferers. Prevention of the 
disease in imported animals lies in stabling, and 
only the progeny should be exposed to infection. 
Preventive inoculation with blood of immune 
animals is effective for South African cattle 
born in areas free of redwater, but is dangerous 
for imported cattle. 

Under the name gall-sickness of cattle a num- 
ber of diseases are included, due to various causes. 
One is the diy condition of the veld at certain 
seasons of the year. Another is specific vege- 
table poisonings ; but the majority are specific 
blood diseases, either due to a Trypanosome, to 
a Spirillum, or to a Piroplasm; and in a great 
many cases the sequel of ordinary red water ranges 
under this name. Gall-sickness has been spoken 
of by farmers as the most prevalent disease, yet 
scientifically in every instance a special diagnosis 
will have to be made, as the term includes so 
many affections. 

The most formidable sheep disease is blue 
tongue. It comes as an epidemic in certain 
seasons of the year, principally after the rainy 
season, and it may then be seen throughout the 
country, although the higher and drier a locality 
the less it is noted. It is due to an ultra- visible 
micro-organism which is present in the blood. 
The disease seems to be insect-carried, since 
insect -proof seclusion means prevention. A 
successful preventive consists of a protective 
vaccination which renders the animal immune. 

In cattle, sheep, and goats of the Bushveld 
a disease occurs known as heartwater, also due 
to an ultra-visible micro-organism, and carried 
by a species of tick known as ' bont ' or Tortoise- 
shell ticks. It is frequently included under the 
term 'Bush-sickness' of cattle. Its prevention 
lies in the clearing of an infected farm until the 
ticks have been starved out. 

The specific diseases of horses and mules of 
this country are (1) the devastating horse-sick- 
ness, and (2) biliary fever. The former ravages 
with varying virulency in the different years. 
The bad years are known to be those of heavy 
and continuous rains, when the mortality reaches 
a very high percentage. It is caused by an 
ultra-visible micro-organism, and is probably 
carried by mosquitoes; anyway, the mosquito 



theory explains all the facts noted by farmers, 
in the best way. There aie two foims distin- 
guished: the dun-horse-sickness and the dik- 
kop. They are two expressions indicating a 
certain symptom which is present in the one 
and not present in the other, namely, the swollen 
head (dik-kop). The main lesions of dun-kop 
are found in the lungs. Animals which recover 
from the disease are callefl ' salted ', and are con- 
sidered to be immune; but the immunity is not 
complete, although salted animals do not suc- 
cumb to the same extent as non-salted animals. 
Prevention lies in mosquito-proof seclusion dur- 
ing tlie mosquito season. Mules can be rendered 
immune by an inoculation, and are then pro- 
tected to the extent of about 98 per cent. 

Biliary fever is due to a Piroplasm {Piro- 
plasma equi), and attacks all equines. As in 
redwater, young animals do not suffer from 
it so much, and easily recover. These, together 
with imported animals which have recovei'ed 
from the disease, retain the infection in the 
blood, and as the disease is carried by ticks, 
the veld is permanently infected. Country - 
bred animals do not suffer much from it, and 
it is the imported animal which is the most sus- 
ceptible. The prevention is based on the same 
principles as in redwater. 

The so-called tsetse-fly diseases (Trypanoso- 
miasis) have, with the exception of a small area 
in Zululand and in some parts of Rhodesia, com- 
pletely disappeared. 

In addition to these tropical diseases, anthrax 
is known in South Africa amongst all stock, but 
is limited to certain parts. Quarter-evil in cattle 
is unequally distributed throughout South Africa, 
but can be successfully dealt with by a preven- 
tive inoculation. Tuberculosis is not known 
amongst the Afrikander cattle, but in imported 
stock and their progeny. Scab is common 
amongst sheep and goats, and notwithstanding 
the many efforts of the various Governments, 
has not yet been successfully dealt with. Ener- 
getic farmers can easily manage to keep their 
stock free from it. 

One of the greatest troubles of sheep-breeding 
is the presence of intestinal parasites, principally 
round worm, the wireworms (Strongylus), and 
also tapeworms. There are successful treat- 
ments, and many of these troubles could be 
overcome once sheep -rearing and pasturing is 
adapted to the life-history of these parasites. 

There are some diseases the causes of which 
are not quite clear, viz. osteoporosis in horses, 
the so-called 'lam-ziekte' and 'stijfziekte ' in 
cattle, and the 'gauwziekte' in sheep. Others 
are due to specific vegetable poisonings of which 
we have not yet suflficient knowledge. Amongst 
swine, only swine fever has hitherto been seen 
in some outbreaks ; measles (Cysticercus), how- 
evei', is very prevalent, principally owing to the 
insanitary habits of the natives. [r. b. s.] 

South Devon Cattte. See Devon 
Cattle. 

South Devon Sheep. — This is a long- 
wooUed brefd which has become established in 
South Devon and in part of CornwaU. 

Probably if records were available one would 
find that it traces its origin to much the same 
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source as Devon Long-wool. The introduction 
into the south of England of the Leicester had 
no doubt a great deal to do with the evolution 
of both this and the Devon Long-wooUed breed. 
But the South Devon sheep has been bred in 
its purity so long, that it has, without question, 
become a breed of undoubted purity and pre- 
potency — a breed that is able to transmit to its 
progeny its merits and characteristics. We have 
no better or higher authority to lefer to for a 
detailed account of its merits tlian the preface 
published in the first volume of the South Devon 
Flock Book. It is therein stated that the South 
Devon sheep is one with great robustness of con- 
stitution, a large, symmetrical, and well-grown 
sheep, with plenty of bone and muscle, a vigor- 
ous and thrifty sheep equally adapted either to 
the fold or to grazing land, a rapid feeder, com- 
ing early to maturity, and a breed that readily 
responds to liberal treatment, being able also to 
thrive and do well upon hard fare and exposure. 
The fleece is of the best quality, for it has a long 
staple of very lustrous wool, curly and dense on 
the pelt. 

The flesh, unlike many of the whitefaced long- 
woolled varieties of sheep, is full of lean meat, 
whilst the carcass of a typical specimen has all 
the more valuable parts fully developed. As 
the saying is, the sheep 'cut well'. 

It is noted that in the year 1902 the average 
daily gain of a pen of wether lambs exhibited 
at Smithfield, and first in their class, worked 
out at 11'46 oz., or almost f lb. per diem. Few 
bieeds can give such a large daily gain. At 
the same show a pen of wethers gave an aver- 
age daily gain of 1\ oz.; another clear indica- 
tion of the aptitude of this breed for rapid 
development. 

Flocks of South Devons have been in existence 
for practically a hundred years ; but the breed 
is not so generally known as others, because the 
country in which it is pre-eminent is far removed 
from most of the centres of live-stock activity, 
and, owing to this, a large proportion of its 
breeders have hitherto failed to realize the need 
of making it known farther afield. Indeed it 
was not until the year 190.3 that any definite 
steps were taken to bring the breed out of its 
seclusion, and to make an effort to secure for 
it a position amongst the leading breeds of this 
country. Much yet remains to be done ; but the 
energetic work of Mr. E. H. Hoskin, of Liskeard, 
Cornwall, to whom the successful formation of 
the Breed Association is due, has been continued. 
At the commencement of the year 1903 it was 
decided to establish a Flock Book Society, and 
no efforts have been spared by the more pro- 
gressive breeders to boom the breed. Lately 
the South Devon has been exported to New 
Zealand, to South Africa, and the Argentine, 
and in all these countries has proved a valuable 
addition to their sheep stocks. 

One of the great drawbacks to the more rapid 
development of the breed is that a large pro- 
portion of the flockmasters own very small flocks, 
and consequently are not able to employ those 
methods of advertising and popularizing the 
breed which large flock-owners in other breeds 
have undertaken. It is satisfactory to note, 



however, that the combination of these small 
flock - owners, as represented by their Breed 
Society, still continues firm and strong, and it 
is upon this sound basis that the whole hope of 
the future depends. 

The breed, we may remark in conclusion, is 
one that has a very marked uniformity; and if 
seen in its natural condition, upon the various 
farms in the district, there are few, if any, of 
the long-woolled breeds that excel it in this 
respect. Fortunately, the Association has now 
adopted a method of colouring that will prevent 
the excess of colouring to which exception has 
been taken. The former excess of colouring was 
certainly much to the detriment of the breed, 
and the alteration now adopted is one of the 
best things that could happen for the advance- 
ment of the interests of this breed, for it enables 
the South Devon sheep to be exhibited as near 
under their natural condition as any other breed. 
Thus the writer is of the opinion that, under the 
new system, the marvellous quality and great 
depth of the flesh, the lustrous character and ex- 
cellent staple of the wool, will secure for them 
a far larger share of the export trade, and also 
home demand, than they enjoy at the present 
time. [w. w. c] 

Southdown Sheep. — Like most of our 
British breeds of sheep and cattle, the origin of 
the Southdown breed of sheep is unknown. As 
a recognized breed it has been in existence for 
a long time, and appears to have been always 
associated with the hill range known as the 
South Downs. 

Perhaps the first reliable description of the 
Southdown sheep before improvement is the 
one written by Arthur Young about the end 
of the 18th century. In this article the South- 
down is described as being ' very narrow, light 
in forequarters, standing 2 in. higher behind 
than in front ; legs and faces varied in colour, 
and might be light in colour or dark (almost 
black), sandy or speckled according to the taste 
of the individual breeder ; there seems, how- 
ever, to have been a general dislike to white 
faces and legs, as it was thought lightness in 
colour indicated tenderness of constitution ; and 
some breeders bred to produce faces and legs as 
dark as possible, but most preferred speckled 
faces and legs '. The first successful attempt to 
improve the breed was made by John Ellman, 
who succeeded his father at the Glynde Farm, 
near Lewes, in 1780, and some few years later 
commenced a systematic method of breeding 
which worked such a marvellous improvement 
in the breed as to bring it into the first rank — 
a position which the Southdown still maintains, 
not only as regards beauty of form and hardi- 
ness of constitution, but also with respect to 
fine quality of wool and mutton. 

In carrying out the early improvements Ell- 
man always laid very great stress on keeping 
up the quality of the fleece to the highest 
possible state of perfection ; arguing that the 
best-wooUed sheep were also the best feeding 
sheep, yielding the best mutton, and moreover 
were hardier in constitution and much better 
able to withstand the bleak downs in winter; 
and as they dropped lambs much better covered 
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with wool, there were fewer losses both of lambs 
and ewes at lambing time. 

The principle adopted by EUman in breeding 
rams was to select about 60 of his best-wooUed 
and best-made sheep ; these were mated with 
his best ram, and the best rams selected from 
the progeny. He greatly disapproved of close 
or in-breeding ; and when it became necessary 
to bring fresh blood into the flock, he selected 
.')0 of the best ewes from a neighbour's flock. 
These were put to his best ram, and stock rams 
were selected from the lambs. Ellman was also 
strongly opposed to crossing the Southdown 
with anj' other breed. 

In the selection of sheep for mating, Ellman 
emphasized the importance of each breeder 
making a complete and careful examination of 
all the chief points, and warned them against 
making a selection for one or two points only. 
He said : ' One man will look for a good head 
and colour of face, another may observe the 
neck, and the attention of most is directed to 
one particular point, and should it please their 
fancy they conclude the sheep to be good, 
though in other points it may be strikingly 
defective '. At the same time Ellman strongly 
enforced the now well-recognized principle, that 
by careful selection and judicious mating it is 
quite possible to breed out inferior points and 
breed in good points. 

EUnian's system very quickly brought about 
a great improvement in the quality of the 
Southdown, and created a wider demand for 
them, as is shown by the record of sales. In 
1787 Lord Waldegrave purchased two rams from 
Glynde flock for 10 gs. apiece, a price which 
had never hitherto been obtained ; the previ- 
ous year Arthur ^oung bought 80 ewes for 18s. 
each and sent them into Suffolk. From 1790 
onwards Southdowns were rapidly introduced 
into Norfolk. In 1793 that noted agriculturist 
Coke of Holkham bought 80 ewes, for which 
he paid 35s. each. In 1796 the first 50-guinea 
ram was sold by Ellman to a Mr. Goodenough, 
of Dorset ; and from this time for many years 
onwards there was a regular demand for all the 
spare rams from Glynde, some being hired out 
for the season at prices varying from 20 to 
100 gs. In the year 1800 the Duke of Bedford 
bought 200 ewes for .500 gs., and in 1802 and 
180.3 hired a ram for the two seasons for 300 gs., 
this being the highest price Ellman ever re- 
ceived for the letting of a ram. About this 
time also the Southdowns were introduced into 
Ireland by Lord Sligo. 

The following is a list of the more important 
breeders and flocks of Southdown sheep: — 

The old-established flock owned by the Duke 
of Bedford, and probably descended from 50 
Southdowns bought from Ellman in 1807 : from 
its foundation the flock has been carefully bred 
to maintain purity and the true Southdown 
type ; the famous Goodwood flock, the pi'operty 
of the Duke of Richmond, and mentioned by 
Arthur Young in his Annals of Agriculture 
(1793), which has produced many noted prize- 
winners ; the Kingston flock, founded in 1787 
by W. Gorringe, and presently owned by Col. 
and Mr. L. Gorringe; the Duke flock, insti- 



tuted about the beginning of last century by 
Thomas Duke, and now owned by his grandson, 
C. G. S. Chapman Duke : this flock is notable 
for the good form and hardy constitution of the 
sheep, and for the high quality of its wool ; tlie 
celebrated Thorney flock, descended from the 
famous Hart strain of Southdowns, founded in 
1820, and now owned by Mr. H. Padwick ; the 
Babraham flock, presently owned by Mr. C. E. 
W. Adeane, founded early last century by 
Jonas Webb: it has produced many noted 
prizewinners, and individual rams have com- 
manded high prices both at home and abroad. 
Among other noted flocks are the splendid flock 
of A. Heasman, and the flocks of His Majesty 
the King, the flocks of F. N. Hobgen, E. Hobgen, 
Sir Jeremiah Colman, Admiral Hon. T. S. Brand, 
G. Hampton, Pagham Harbour Company, Duke 
of Hamilton, Jockey Club, A. Cooper, W. M. 
Cazelet, J. Ellis, Sir T. Gooch, Executors of Col. 
M'Calmont, Sir Julius Wernher, Duke of North- 
umberland, J. Tompkins, Col. W. W. Hammond, 
Earl Cadogan, J. & H. Eobinson, H. & J. Stacey, 
Sii' William Throckmorton, H. Willet. 

Management, Points, and Characteristics. 
— On a typical Southdown farm during autumn 
and winter, the ewes have a limited supply of 
roots, but have a plentiful supply of oat straw 
or hay, with a good grass run on the downs. 
Some little time before lambing commences, 
they are brought into the lambing yards and 
given a liberal allowance of sainfoin or clover 
hay or well-harvested pea haulm, but usually 
very little if any concentrated food. Lambing 
is usually arranged to take place in February 
or the beginning of March, and the ewes are 
expected to average 1 to 1^ lambs per head. 

When lambs are four or five days old they 
are turned out with the ewes into a dry early 
pasture ; the ewes are now allowed a liberal 
diet consisting of roots (usually mangels), sain- 
foin or clover hay, and concentrated food. 
Gradually they are drafted off on to a fold of 
Thousand-headed Kale, which keeps the flock 
until spring catch crops are ready. These con- 
sist of, first, winter rye, barley, and oats, and, 
later, trrfolium and winter vetches, with spring 
vetches to follow. The above crops are sown 
in succession so as to obtain a regular supply of 
succulent food throughout the early spring and 
summer down to about the end of July. 

About this time (or a little before) the lambs 
are separated from the ewes and turned on to 
young aftermath of seeds or sainfoin, the ewes 
being transferred to a bare pasture on some 
distant part of the farm, and kept on low diet 
until their milk is dried up and lambs are 
thoroughly weaned. 

Towards the end of July or at the beginning 
of August, rape or mustard sown after feeding- 
off spring catch crops will be ready to fold ; and 
these crops, together with aftermath seeds and 
sainfoin, drumhead cabbages and early turnips, 
will provide a plentiful supply of nourishing 
and healthy food through late summer and 
early autumn, thus bringing the ewes into a 
strong, healthy, and fit condition for taking the 
ram in September or early October. Previous 
to bringing in the ram, the broken-mouthed 
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and aged ewes and those having bad udders 
are drafted off for sale or to fatten off before 
■winter. The wether and inferior ewe lambs 
are also drawn, and sold away or kept to fatten 
off during following spring and summer ; the 
ewe lambs which will eventually be brought 
into the flock are kept in a good thriving con- 
dition but not allowed to get too fat, so that 
they may be in a strong, healthy condition to 
take the ram in the next autumn. 

Points. — The colour of the face and legs 
should be a uniform mousy-brown, not too dark 
or too light, and not speckled; a light shade of 
brown is usually preferred to a dark shade. 
Some breeders think a light colour indicates 
tender constitution ; others say : ' this is not so, 
though a very light shade is not desirable'. The 
top of the head should be well covered with 
short wool, which should extend round the ears 
and also a little on the back of the ears, and 
there should be complete absence of horn scurs ; 
the jaw should be neat and light, and well 
covered with wool, which is an indication that 
the sheep will be well woolled on the belly ; 
the head well set on, and neck not too short, 
but strong and muscular, and spreading out 
well to meet the shoulders, which should be 
wide, and chest broad and deep ; the line of 
back from the setting on of the head to hind- 
quarters should be perfectly level, with a strong 
loin and good dock ; the thighs should be well 
let down and well covered with flesh, the twist 
being well rounded and filled in with meat 
reaching down to the hock, thus producing a 
short, thick, round leg of mutton — a noted 
feature of the Southdown sheep. A delicate 
pink skin is absolutely essential ; a skin having 
a dark or bluish tinge is highly objectionable; 
a good skin indicates quality both as regards 
tendency to fatten, quality of wool, and good 
breeding. The character of the fleece is of the 
highest importance. There should be no black 
fibres present, and the fibres forming the fleece 
should be uniform in length at the ends, and 
densely but evenly packed together so as to 
form a thick, close covering almost impenetrable 
to driving rain, snow, or even the maggot fly. 
It is largely owing to the close character of the 
fleece that the Southdown sheep is able to with- 
stand the strong gales and storms of rain and 
snow which sweep over the bleak downs from 
the Channel. The somewhat low price of wool 
during past years has caused some flockmasters 
to pay more attention to size of carcass than 
quality of wool, with the result that in some 
flocks the fleece has deteriorated; it has become 
more open in character, and the wool fibres 
being less densely packed, it forms an inferior 
protection. In summer the sheep are more 
liable to be struck by maggot flies, and in 
winter are much less able to withstand the cold 
on the bleak downs, and so are much more sub- 
ject to chills ; the result being a much greater 
mortality in both ewes and lambs. The best 
flockmasters, and especially those who occupy 
high-lying downs, are very careful to maintain 
the high quality of the fleece, and rigidly weed 
out those animals which do not in this respect 
come up to a high standard. 



It is on such farms that the true type and 
hardy characteristics of the Southdown are best 
seen ; and for this reason the best rams from 
these hUl flocks are in demand by breeders in 
various parts of this country and abroad who 
are anxious to retain the true Southdown char- 
acter in their flocks. 

As regards size, the Southdown is classed as 
a small sheep, the average weight being usually 
taken at from 8 to 10 st, but these weights are 
frequently greatly exceeded. At the Smithfield 
Club fat-stock show in 1906 the pen of three 
wethers which won the breed cup for King 
Edward averaged over 15 st. per head at 21 
months old, and the following year the breed 
cup was won by Mr. Adeane with a pen of three 
lambs which at 10 months old weighed on an 
average over 10 st. per head. These records 
show that with well-bred stock and proper 
management good weights may be obtained at 
a comparatively early age. 

Considered as a sheep for the tenant farmer 
the Southdown has many points of recommen- 
dation. Southdowns are particularly well 
adapted for close folding ; being quiet and 
docile they are easily kept in bounds, a high or 
strong fence not being essential. Though so 
well suited for the fold, they are also very 
active sheep, and, if occasion requires, are able 
to travel long distances and adapt themselves 
to open grazing on the downs, or in enclosed 
pastures in the lower parts of the country. 
Moreover, they are very hardy, produce excel- 
lent wool, and keep in good condition on a 
moderate diet ; and when close folded and fed 
liberally they give a good return for extra food, 
as they fatten rapidly and produce mutton of 
first-rate quality. 

As an example of what oi-dinary Southdowns 
will do when thickly stocked on a poor pasture, 
we may quote from an experiment conducted 
by the writer under the auspices of the East 
Sussex County Council in the summer of 1906. 
For the purpose of this experiment 15 tegs 
were grazed on If ac. of poor pasture. During 
a period of five weeks the sheep had an average 
of ■54 lb. per head per day of equal parts of 
decorticated and undecorticated cotton cake ; 
the average live-weight increase per head per 
day during the period was '56 lb. ; this increase, 
for sheep -which weighed about 8 st. per head 
and fed under the above conditions, may be 
regarded as highly satisfactory. 

As a butcher's sheep the quality of the South- 
down mutton is well kno^wn; the flesh contains 
a greater proportion of lean to fat than the 
larger breeds, and not only is the proportion of 
fat smaller, the flavour is of such a high order 
that many persons unable to eat fat mutton 
from other breeds can relish that from a South- 
down; the lean flesh also is a much darker red 
than other breeds, and the joints, being small 
and compact, are in great favour with most 
butchers and housekeepers. It is on account of 
the high quality of mutton that the breed is so 
largelj' kept and so well liked in France ; and 
it is the Southdown, or the Southdown crossed 
with the native French breeds, from which are 
produced the best mutton sheep, known to the 
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Parisian butchers as pres sails. M. L. Pautet, 
a French writer on Southdown sheep, says : 
'The sheep known as pris sales are those born 
and kept near the sea-coast mostly on the coast 
of Normandy and Brittany. They are not any 
one particular breed, but usually crosses of 
various breeds. The effects of the sea air and 
salt on the food and the constitution of the 
sheep in general is to produce mutton of the 
finest quality, both in colour and flavour, which 
is greatly appreciated by the French gourmets; 
and as the legs of mutton are best liked when 
short, thick, and well-rounded, the Southdown 
is the breed which, above all others, produces 
joints and quality of mutton most in demand, 
and for which the highest prices are paid.' 
M. Pautet goes on to say : ' For the following 
reasons is the Southdown most sought after : it 
matures early ; conformation is perfect ; bone is 
fine; fleece excellent; flesh exquisite; it is in 
itself a,pres sale, it carries the name of its habitat, 
as the word Southdown signifies dunes of tlie 
south, i.e. hills bordering on the sea-coast known 
by the English as the Channel'". 

French breeds used for crossing with South- 
downs include the Tronnier, the Cauehoise, 
Caennaise, Cotentine, and Cretonne. 

In Australia and the United States the value 
of the Southdown ram for crossing with Merino 
ewes to produce butcher's animals has been 
made the subject of comparative tests. In Aus- 
tralia, where a test was made with most of the 
leading British breeds of sheep, the Southdown 
cross came out first class. It has been noted 
in these tests that the lambs from this cross 
come away strong and robust, with plenty of 
vitality ; hence they develop rapidly and are 
ready for the butcher early, tlius giving a good 
return for food consumed. 

That the Southdowns have a remarkable 
power of adapting themselves to varied climates 
and situations may be inferred from the fact 
that they have been exported to many parts 
of the civilized world. Amongst the principal 
countries may be named France, Spain, Por- 
tugal, Switzerland, Germany, Eussia, Sweden, 
Norway, Finland, Australia, Tasmania, New 
Zealand, Canada, United States, Mexico, South 
America, West Indies, Japan. 

In our own country the good influence that 
the Southdown has had on our short-woolled 
breeds can hardly be overestimated; and prac- 
tically all the short-wools have been improved 
at one time or another by the introduction of 
Southdown blood. For crossing to produce 
mutton, rams are largely used on Kent ewes, 
and another cross which is held in high favour 
by men who fatten for the butcher is South- 
down and Suffolk ; here again the cross-bred is 
larger than the Southdown, and the quality of 
the mutton is excellent. 

The numerous successes gained by the South- 
down at the principal fat-stock shows stamp 
it as being a favourite mutton slieep. At the 
Smithfield Show, from 1832 to 1873, a period 
of 42 years, the prize for the best pen of short- 
woolled sheep went to Southdowns every year 
excepting 1872. During a period of 21 years 
(1869 to 1889), when a champion prize was 
VOL. XI. 



given for the best pen of sheep in the show, it 
was won eleven times by the Southdown ; none 
of the other breeds succeeded in winning more 
than three times. From 1890 to 1908 inclusive, 
the prize for the best pen of short-woolled sheep 
has been won on nine occasions by South- 
downs. 

Markets and Prices. — With reference to the 
prices realized for Southdowns at important 
sales during 1908, we may quote from the 
returns made at the dispersal of the Compton 
flock, owned by the late Duke of Devonshire, 
and the prices realized at the Chichester show 
and sale. At the sale of the Compton flock the 
highest price obtained for a two-shear ram was 
80 gs., the average for 5 being £31, 5s. For 
yearling rams, highest price 35 gs., and average 
for 24, £IQ, 7s. Average price for 6 ram lambs, 
.£18, lis., and highest price 44 gs. Yearling 
ewes, highest price 19 gs., average 3:8, 19s. Two- 
year-old ewes, highest price I65 gs., average 
£Q, 7s. Full-mouth ewes, highest price 10 gs., 
average £5, 7s. Ewe lambs sold as high as 81s., 
and averaged 57s. These prices may be taken 
to represent the value of pure-bred Southdowns 
from a flock which has been brouglit to a high 
state of excellence. 

The following particulars give the highest 
and average prices obtained by the various 
classes of slieep in 1908 at tlie Chichester annual 
show and sale, which is probably the most im- 
portant public sale of Southdown sheep held in 
Great Britain. In the class of yearling rams 
the total number sold was 265, and the average 
price obtained was £7, 16s. 9d. ; the average of 
the six best lots (54 in all) was £IZ, 5s. 6d., and 
the record price was 50 gs. Of ram lambs there 
were sold 209 at an average price of £4, 12s. lid; 
the average of the six best lots (57 in all) was 
£6, 16s. Sd., and the highest price for a single 
ram lamb was 21 gs. In the class of yearling 
ewes the total number sold was 1522, and the 
average price was 52s. lid. For the six best 
lots (338 in all) the average was 62s. 2rf., and 
the highest individual price was 71s. 8d. In 
four-tooth and six-tooth classes, average price 
realized for 146, 43s. 6d. Draft ewes: average 
price for 3000, 43s. 8d. 

It is only within recent years that auction 
sales for Soutlidowns have been introduced into 
Sussex, and even now the bulk of the sheep are 
offered at about twenty fairs held in various 
parts of the county, some of the most impor- 
tant being Lewes, Lindfield, Heathfield, Fin don, 
Chiddingly, Burgess Hill, Battle, Hailsham, East 
Grinstead, Eastbourne. The method of dispos- 
ing by auction is rapidly gaining ground, and in 
connection with some of the leading fairs auction 
sales are now held. [w. Sou.] 

Southernwood, a fragrant shrub often 
grown in gardens. See Artemisia. 

South Hams, a local appellation for the 
South Devon cattle (see art. Devon Cattle). 

Sowens, or Sowans, called in England 
flummerji, are a dish prepared by fermenting 
the husks and siftings of oatmeal in water. 
The preparation of sowens still lingers in re- 
mote country districts near local mills. The 
husks and siftings of oatmeal, called sowen 
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' seeds ', are steeped in tepid water in a tub, 
called variously the sowen tub, sowen kit, sowen 
boat, &c., and the mixture, with or without the 
addition of some oatmeal, is allowed to ferment 
for two or three days at a moderate tempera- 
ture. When the whole is quite acid the liquor 
is decanted, fresh water added and stirred up, 
then allowed to settle overnight and decanted 
again, and so on till the washings are no longer 
acid. The solid residue is now transferred to 
the sowen-bowie or sieve, to drain off the remain- 
ing liquid, and the mass is cooked like thin por- 
ridge with water and served with sweet milk. 
The dish is very apt to burn, and needs con- 
tinuous stirring: hence the numerous allusions 
to 'singit' (singed) sowens. The dish when pre- 
pared is not unlike a preparation of oat flour, 
tsut with a pleasant acid taste, very refreshing 
in hot weather. The fermentation piocess above 
described is sometimes applied to the siftings 
of barley and wheat instead of oats ; it practi- 
cally involves the conversion of some of the 
starch into lactic acid, an anticipation of the 
natural process of digestion, so that sowens are 
more readily digested than oatmeal porridge. 

[j. K.] 

Sowers. See Broadcast Sowers ; Drills. 

Sowing. — The bulk of farm and garden 
seeds are sown by one or other of the three fol- 
lowing methods : (a) by hand distribution, broad- 
cast or in rows ; (6) by machine where the seed 
is sown broadcast ; (c) by machine where the 
seed is deposited in rows. In Scotland pro- 
bably three-fourths of the total area under grain 
is still sown by hand, owing principally to the 
dampness of the climate and the firmness of the 
soil. Hand sowing permits of the sowing being 
done at the quickest rate, with the least e.\- 
penditure of power. Where the land is firm, 
or if from lea, most ploughs leave a good seed- 
bed, and if the grain is sown broadcast by hand, 
there is rarely any difficulty in covering it, nor 
is much lost. A good sower with one carrier 
can easily do from 1 to Ih ac. per hour when 
sowing with one hand, and when using both 
hands, and supplied by two carriers, he can get 
over double that area. In uncertain weather 
that is a great advantage, as the harrows often 
work quite cleanly when the drill would clog, 
hence the reason there is still so much hand 
sowing of grain. 

Broadcast sowing machines for grain have 
never been in great favour, as the speed is no 
greater than by hand; and although the uni- 
foimity of sowing is somewhat superior, the use 
of an e.\tra horse and the outlay on the machine 
has generally been considered to outweigh any 
advantage gained. With grass and clover seeds 
it is, however, different, as it is somewhat diffi- 
cult and rather slow to sow these by hand, 
whereas with the ordinary machines the distri- 
bution of the seed is both speedy and uniform. 
For this purpose the broadcast distributor has 
become very popular, and is to be found on 
almost every farm. 

The greatly extended use, during the latter 
part of last century, of ploughs of the so-called 
American or concave pattern of niouldboard, 
which break up and pulverize the furrow, caused 



an increased demand for grain drills of the 
lighter pattern. These made considerable head- 
way in many districts, as they saved at least a 
bushel of seed per acre compared with hand 
sowing. With the lighter drills, on firm yet 
free-working land in spring, a pair of horses 
can do about 1 ac. per hour, with only one man 
to drive, and a boy or a woman to carry seed 
and keep the coulters clear. In autumn, in sow- 
ing wheat, when the land is often damp and 
the draught heavier, about f ac. is as much as 
a pair of horses can drill in an hour. 

Other seeds, such as mangold, turnip, carrot, 
&e., which are usually sown or raised drills, are 
almost invariably sown by a special machine 
adapted for the work. Market - garden seeds 
such as onions, parsley, carrots, &c. are usually 
sown either by a hand machine specially adapted 
to the work, or by hand. See arts. Broadcast 
Sowers, Broadcast Sowing, Drill Husbandry, 
Distributor, and Drills. [j. s.] 

Sowings Baskets, to hold corn for sow- 
ing, take various forms. In some cases a cir- 
cular basket is preferred ; in others a longer 




Sowing Basket 

and narrow basket or skep, holding about a 
bushel, and suspended by a strap from the 
shoulders, is used. Metal seed-lips of a some- 
what figure-of-eight shape are used in the place 
of the basket. A wooden stud placed on the 
side farthest from the man's body, is used to 
steady the basket when he is sowing, [w. j. m.] 
Sowing Fiddle, a portable mechanical 
broadcaster for sowing seeds, taking its descrip- 
tive name from the fiddle-like action which the 
operator uses to effect distribution. It is de- 
cidedly useful, as it does good work, and a novice 
can use it effectively. A light, canvas-covered 
box frame is suspended by a strap from the 
right shoulder, and is carried under the left 
arm. At the base of the box is a neck with a 
controlling slide through which the corn passes, 
its flow being made continuous by a jigger 
action from an eccentric from a spindle, which 
carries at its bottom a distributing disk. The 
disk, which has four radiating ribs, is actuated 
by means of a thong which forms the string of 
the bow, and which is passed once round the 
spindle, like the cord of a jeweller's drilL When 
reciprocated, as in fiddling, the bow causes the 
disk to revolve rapidly in alternate directions, 
giving a throw to ordinary cereals of 30 ft. 
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Sowing Fiddle 

However, in practice, a width of about 15 ft. is 
found most serviceable. [w. J. M.] 

Sowing Machines. See arts. Broad- 
cast Sowers ; Broadcast Sowing ; Distribu- 
tor ; Drills. 

Sow-thistle, or iVI ilk-thistle (Sonchus), 
is the name for a genus of succulent herbaceous 
Composite plants with hollow stems, spiny 
leaves, milky juice, and yellow flower-heads with 
the flowers all ligulate. The 'seed' (fruit) is 
fiat and crowned with a tuft of white silky 
hairs (pappus). Three species of the genus are 
common weeds in arable land, namely: (1) Corn 
Sow-thistle {Sonchus arvensis), (2) Common 
Annual Sow - thistle {Sonchus oleraceus), (3) 
Sharp -fringed Annual Sow-thistle {Sonchus 
asper). 

1. Corn Sow-thistle is a deep-rooted peren- 
nial with an underground creeping and branched 
stem from which the green air shoots rise to 
a height of 3 or 4 ft. The stem part is hollow, 
angular, and succulent, simple at the base, but 
branched towards the apex, each branch ending 
in a head of bright-yellow flowers, all the heads 
arranged so as to stand at a common level. The 
individual flower-head is large, 1^ in. in dia- 
meter, and supported on a stalk clothed, like 
the involucre of the head, with long spreading 
dark-coloured hairs. The lower leaves are shaped 
like those of a Dandelion, but the upper are 
entire and clasp the stem. 

This Sow - thistle extends very rapidly by 
means of its underground stem, and also repro- 
duces very rapidly, a single plant being capable 
of maturing over 10,000 'seeds', each provided 
at its apex with a crown of white silky hairs 
{pappus) to utilize the wind as its seed distri- 
butor. The plant is in flower in July and 
August, and in August and September the seed 
is ready for distribution. This is one of the 
weeds most efficient in reducing yield of crop, 
and most difficult to exterminate once it has 
become established. Small patches of the weed 



may be dug out and destroyed ; special care 
must be taken to remove the whole underground 
stem, for a single piece of it suffices to renew 
the plant. If the weed is widespi-ead, all shoots 
must be cut oflF as soon as they appear, and this 
cutting must be continued and repeated till the 
underground stem is exhausted and dies of 
starvation. For this, the hoe must be kept 
constantly at work in the root crop, a couple 
of which crops should be taken in succession. 
Again, if the land is laid undei' grass for a few 
years, the Creeping Sow-thistle dies out. Spray- 
ing with sulphate of copper, as for Charlock, 
diminishes somewhat this pestilent weed. 

2. Common Sow-thistle is an annual corn- 
field and garden weed, destitute of the creeping 
underground stem which confers perennial char- 
acter upon the former species. From a tap- 
loot, the air shoot rises to the height of 2 or 
3 ft. The upper leaves clasp the stem and have 
pointed ears at their base. The yellow flower- 
heads are arranged in umbel-like clusters. The 
head is comparatively small, from J to 1 in. in 
diameter, and the stalk as well as involucre is 
practically bald, without the long black hairs 
characteristic of Creeping Sow-thistle. 

To exterminate, seeding must be prevented. 
Flowering goes on from June to August, and 
from July onwards the 'seeds' are distributed 
far and wide by the combined action of the 
hair crown and the wind. The young plants 
should accordingly be hoed out in the I'oot crop, 
and any that escape the hoe should be pullecl 
up later — thus seeding is prevented, and exter- 
mination follows. 

3. Sharp -FRINGED Sow-thistle differs but 
little from the preceding species; many consider 
it as a variety. The eais of the upper leaves, 
however, are rounded, not pointed. 

All the Sow-thistles are relished by rabbits 
and hares, by sheep, goats, and pigs, but horses 
and cattle do not touch them. [a. n. m'a.] 

Soya Bean, the seed of Glycine Soja, Benth., 
LeguminosEe. This is a sub-erect or creeping 
annual plant, a native of China, Cochin-China, 
Japan, Java, and acclimatized in India. It is 
extensively cultivated in most tropical countries 
as a pulse, and also on account of the rich oil 
obtained from the seeds, and the valuable cake 
thereby furnished. In China a sauce called Soy, 
and in Japan a kind of cheese (or curd-cake) 
called Natto, have been prepared from these 
seeds for many centuries. In 1910 a large trade, 
from Manchuria to London, was organized 
in the seed, and much hope was expressed, 
in some quarters, that the establishment of 
oil mills in this country, where Soy Bean 
can be worked up, might compensate for the 
failure to compete with France (Marseilles) 
in the preparation of oil from ground - nut 
{Arachis hypogcea), a plant which might be de- 
scribed as own cousin to the Soy, the world's 
supplies of which come from Africa and India. 
It is, in fact, one of the numerous eccentricities 
of trade that England should find it more pro- 
fitable to import the Manchurian bean rather 
than to extend her demands for the ground-nut 
of India. In Manchuria it is cultivated on the 
plains, where a long winter's frost is followed 
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by a short temperate but rather wet summer. 
In India it is grown in the upper provinces 
mainly, the seed being sown in June to August 
and harvested from November to December. 
A soil rich in organic matter is preferred, and 
nitrate of soda is regarded as its best manure. 
The chemical composition of the bean places it 
above most other pulses as an albuminous food, 
and the cake (after expression of the oil) is, as 
already stated, an extremely rich cattle food. 
See next art. [o. w.] 

Soya Bean Cake. — This is a material 
which has recently come very largely into use 
in Great Britain. It is made from the bean of 
the Soya plant (Soi/a hispida), a leguminous 
plant which has long been cultivated in China 
and Japan, and is there used largely as a vege- 
table and for making the well-known Soya 
sauce. The bean is now principally exported 
to the United Kingdom from Manchuria. Its 
advent has marked an important addition to 
our list of feeding materials, and one which, by 
reason of the higher price of linseed cake and 
the difficulty of getting good decorticated cotton 
cake, bids fair to increase rapidly. Being highly 
nitrogenous in character, the cake is well fitted 
to take the place of decorticated cotton cake. 
The beans are not very frequently used by them- 
selves as cattle food, and are somewhat richer 
than ordinai'y English beans. They are, how- 
ever, more generally employed after being 
pressed into cake. Soya Bean cake would seem 
to be well adapted as food for milch cows in 
particular. At the same time it requires to be 
used with care, and should not be given freely 
at first. As a rule, it is found to be pure and 
in good condition, but cases are known of the 
inclusion, with the Soya Bean, of the poisonous 
Rangoon and Java beans. The manurial value, 
owing to the richness of the bean in nitrogen, 
is very high, and is much about the same as 
that of decorticated cotton cake. A Soya Bean 
meal is also sold which has had the oil almost 
entirely removed by chemical means. The fol- 
lowing are analyses of the Soya Beans and of 
Soya Bean cake: — 

Soya Beans, 



Moisture ... 

Oil 

1 Albuminous compounds 
Starch, digestible fibre,&c. 
"Woody fibre 
Mineral matter (ash) 



Soya Bean 

Cake. 

11-40 

6-12 

4278 

28-41 

5-70 

5-.59 



^ Containing nitrogen 



100-00 
6-48 



100 00 
6-85 



Included in the ash constituents of the Soya 
Bean cake are 1-3 per cent of phosphoric acid 
and 2-2 per cent of potash, so that the manurial 
value is very similar to that of decorticated 
cotton cake. [.T. A. v.] 

Spade Husbandry. — It is curious to 
reflect that the oldest, the simplest, and the 
cheapest form of cultivating instrument is also 
the nearest to perfection. The plough is the 
only implement, except the spade, which sys- 
tematically inverts the soil ; but the advantage 
of the latter is that it not only inverts, but at 
the same time pulverizes. A mechanical digger 



has long been the dream of the inventor, and 
to some degree it has been realized in certain 
types of tillage implements. Nothing has, how- 
ever, yet appeared which can rival the spade in 
thoroughness, and adaptability for small plots 
of ground. The gardener seeks for nothing 
better; and if we are right in surmising that 
Adam delved, then the spade is the primitive 
and original cultivating implement. Just as 
the plough has never been beaten in the held, 
so the spade is unrivalled in the garden, and 
many treatises have been written on the advan- 
tages of this form of husbandry over every 
other. Digging yields results superior to any 
other method of tillage. It involves no poach- 
ing or treading of the seedbed, but presents it 
at once ready for sowing or planting. It may 
be shallow, as when the pressure of the foot is 
dispensed with, but it may be easily carried to 
a depth of 1 ft., and by deep, double, or trench 
digging, ground may be dug 3 ft. deep. The 
only objection to spade husbandry in the field 
is its expense, and this objection is insuperable. 
It is the province of the horse, or of power in 
some form, to cultivate large areas ; but spade 
husbandry is the best system in the garden, the 
small plot, or in circumstances when laboui- is 
cheap and work scarce. [j. wr.] 

Spain, Ag^riculture of. Seeart. Ecro- 
PEAN Agriculture. 

Spaniel. — Field Spaniels are of many varie- 
ties, the larger of which are known as Springers 
and the smaller ones as Cockers ; but beyond a 
doubt they have all sprung, as the term Spaniel 
suggests, from a Spanish source. The most con- 
spicuous members of the Springer family are the 
Clumbers, Sussex, and the Welsh. These Field 
Spaniels are of many diiTerent colours, the most 
common of which are black, roan, liver-and- 
white, and black -and -tan. The Cockers are 
mostly black, but numerous excellent roans are 
to be found, and the other Field Spaniel colours 
are also met with amongst them. Clumbers are 
the heaviest of all the Springers, and no doubt 
the most seldom seen, as they are in compara- 
tively few hands, though belonging to a most 
valuable breed for field purposes, their peculi- 
arity being that they hunt mute. The head of 
the Clumber is long and massive, the occipital 
protuberance being strongly developed, the nose 
large and light in colour, and the eyes hazel and 
deeply sunken, showing the red haw in the 
corners. The body is very long and powerful, 
the loins being strong; the legs are short and 
extremely heavy in bone, whilst the coat is pro- 
fuse, and the colour white with golden-brown 
markings, which should not be too daik in shade. 
The Sussex Spaniel is smaller in size than the 
Clumber, and its ears are set on higher, whilst 
the colour is the uniform rich liver unrelieved 
by any white markings. In days gone by, the 
most famous strain of these Spaniels was to be 
found at Rosehill in Sussex, and a few speci- 
mens of these are still to be met with, but they 
are very rare, as the old breed has been much 
crossed with the Field Spaniel. The latter 
variety, by far the most popular of all in the 
present day, is a smaller dog than the Clumber, 
and not so heavy about the head. The body of 
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Clumber Spaniel 

a Field Spaniel is extremely long, 
and the legs very short, the coat 
being long and flat, and thick 
enovigh to keep out the cold and 
■wet, though somewhat fine in tex- 
tuie. The Cocker facing is both 
large and popular, the working 
abilities of these charming little 
clogs being deservedly appieciated 
by sportsmen. As regards their 
shape and make, the Cockers 
closely resemble the larger Field t-,»iy„ vr ^ 

Spaniels, though their muzzles ' ' ' l^Jfe^^^r 
by comparison ai-e finer. There ^ 
is, however, the same expression 
about the eyes, the low-set ears, 
lengthy bodies, and short legs ; but, 
as may be expected, the Cocker is 
not so valuable for retrieving pur- 
poses as the laiger dogs, simply 
because he has not the size and 
strength to bring in a hare. On 
winged game, however, he isamost 
excellent little animal. [v. s.] 



Toy Spaniel. — In spite of the 
attention that is being paid to 
some of the foreign varieties 
which have been intioduced into 
the country of late years, the 
King Charles and Blenheim 
Spaniels have maintained their 
popularity. In general appear- 
ance the two breeds are very 
much the same, but the Blenheim 
is a rather lighter-built dog than 
the King Charles. The main 
point of distinction between them, 
however, is one of colour, as the 
Blenheims are white dogs with 
rich lemon-red markings of not 
too dark a shade ; a spot of white 
should always be situated on the 
centre of the forehead; whilst the 
King Charles are either black- 
and-tan, black, white, and tan, or 
ruby-red. A few years ago the 
attempt was made to distinguish 
the tricolour variety as the Prince 
Charles, but happily the good 
sense of the public prevented the 
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Black Cocker Spaniel 

alteration from being made permanent. The 
skulls of Toy Spaniels are large and round, the 
effect being increased by the long low-set ears, 
the muzzle being short, though this was not 
always the case, as in the old days the muzzle 
was long. The eyes are large and round, the 
back short, the body deep at the chest, the loins 
of the Blenheim being a little more inclined to 
be tucked up than those of the King Charles. 
The fore legs are of fair length and should be 
quite straight, the feet being large and well 
padded, with hair between the toes, whilst the 
tail is always cut, and should be carried straight 
out. In the case of both breeds the coat on the 
body should be long, free from curl and silken 
in texture, the ears and tail carrying a long 
fringe of hair, whilst the feathering on the legs 
should be profuse. If properly reared and not 
pampered. Toy Spaniels are fairly hardy little 
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dogs, and form most excellent companions both 
indoors and out; but it is to be feared that the 
constitutions of some strains have been weakened 
by inbreeding and too much coddling, [v. s.] 

Spanish Chestnut. See art. Chestnut. 

Spanish Fowl hasfor centuries been known 
in the United Kingdom and the Netherlands. 
In appearance it follows the Mediterranean type, 
that is, light in body, which is small, on legs of 
medium length, with a flowing tail in the male, 
and the head surmounted by long wattles and 
a large single comb, which falls over to one 
side in the hens. The plumage is dull-black, 
and rather scanty ; the wings are short, thus 
giving a close appearance to the body. The legs 
and feet are very dark slate, almost black. The 
face, instead of being red as in nearly every 
other breed, is white. At first this was normal, 
that is, of the usual size, but breeders first de- 
veloped it coarse and then long. Everything 
was sacrificed to that one point, perfection of 
which demanded breeding and keeping under 
conditions artificial in the extreme. As a con- 
sequence, these birds became very delicate, the 
chickens were difficult to rear; and although 
the breed has retained a large measure of its 
fecundity, it is practically useless and unpro- 
fitable even as a fancy fowl. [e. b.] 

Sparrow. See arts. Hedge Sparrow; 
House Sparrow. 

Sparrows-hawk {Accipiter nisics). — This, 
the commonest British bird of prey, is about 




Sparrow-hawk 

12 in. long (the female rather larger). The 
long legs, short wings, and cross-barred tail are 
characteristic. The upper side of the body is 
bluish-grey (brownish in the female), while the 
breast, bufi' in the male and white in the female, 
is marked with numerous dark transverse streaks. 
Sparrow-hawks feed on small birds and mam- 
mals, being very destructive to young game and 
poultry. They also destroy large numbers of 
useful singing birds, and though their prey 
partly consists of harmful birds and mammals, 
the mischief done far outweighs the benefits con- 
ferred. They therefore form the only exception 



to the general rule that British birds of prey 
should be protected from persecution. The large 
stick -nest, scantily lined with fibre and moss, 
is usually built high up in the main fork of a 
tree, or in an inaccessible position among rocks. 
The three to six grey eggs are blotched with 
reddish-brown. [j. r. a. d.] 

Spartium Junceum (Spanish Broom) 
is a broomlike plant spread over the Mediter- 
ranean region, sometimes cultivated in Biilish 
gardens. The stems are glossy cylinders, not 
angular as in British Broom, and the yellow 
flowers are highly perfumed. The stems yield 
fibre useful for making thiead and cordage. 

[a. >'. m'a.] 

Spavin. See arts. Boo Spavin; Bone 
Spavin. 

Spavtsn, the underground vegetative part of 
fungi, being principally of importance to gar- 
deners and arboiiculturists in connection with 
mushrooms and the gieat variety of fungus pests 
which are propagated by it. It consists of nu- 
merous much-branched threads (hyphce), origi- 
nating from the minute dustlike spores, and 
does not correspond to seed as is often sup- 
posed. The manufacture of mushroom spawn 
is an industry of some importance. See art. 
Mushroom. [w. w.] 

Spaying, the operation by which female 
animals are deprived of the sexual desire, is 
peiformed chiefly upon pigs with a view to 
their greater increase in flesh. Sows that have 
not been operated upon, and are killed during 
cestruni, prove resistant to salt, and the meat 
is said to go bad near the bone. The practice 
favours indiscriminate herding, and is therefore 
convenient. The operation is deemed unneces- 
sary by many, but a High Court decision (Lewis 
V. Fermor) protects those who do it from the 
charge of cruelty. Cows are spayed for the 
purpose of prolonging lactation and favouring 
the laying on of flesh ; but in their case the 
operation certainly seems cruel, both at the time, 
and on account of the subsequent suffering, which 
pigs apparently do not feel. Vicious mares are 
sometimes spayed with a view to reforming their 
tempers, and in the majority of cases with suc- 
cess. Bitches and cats undergo the operation 
for the convenience of their owners, who neither 
wish to breed or be troubled with frequently 
recurring periods of cestrum in their pets. The 
operation is one requiring considerable skill, 
although commonly practised by an illiterate 
class of castrators. In the sow, "bitch, and cat, 
the uterus, back to its bifurcation, is removed, 
together with both ovaries, but in the mare ancl 
cow the ovaria only are taken. If bitches are 
not pregnant at the time of operation a recur- 
rence of CEstrum is sometimes noted. [h. l.] 

Spearmint {Mentha viridis) is the well- 
known plant which is used for making mint 
sauce to accompany lamb and green peas. It 
belongs to the nat. ord. Labiata?. The plant 
cultivated in gardens is derived from the wild 
form which grows in marshes. This, like other 
Mint species, is a perennial underground creeper. 
Its leaves are characteristic — bald, bright-green, 
lanceolate, coarsely toothed, and destitute of a 
petiole. The odour, due to the presence of an 
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aromatic easeutial oil, is very pungent. The 
taste is more pleasant than that of Peppermint. 
The lilac flowers are arranged in whorls placed 
on the leafless terminal part of the stem, at 
intervals of ^ or ^ in., the whole forming an in- 
terrupted cylindrical spike. The plant is easily 
propagated by dividing the underground stem 
in spring, and planting the cuttings where 
desired. [a. n. m'a.] 

Spearwort is the name applied to two 
poisonous marsh species of Buttercup (Ranun- 
culus) marked by undivided lanceolate leaves, 
i.e. broad near the middle and narrowed at 
apex and at base. Lesser Spearwort {Hanun- 
culus Jiainmula), the common species in wet 
meadows, is a perennial herb with dwarf stems 
from 4 to 12 in. high. The flowers appear from 
June to August ; they are yellow like those of 
the ordinary Buttercup, but smaller, about h in. 
in diameter. This species has proved fatal to 
horses and cattle that have eaten it. 

Greater Spearwort (Ranunculus Lingua), a rare 
species also found in marsh and ditch, is an 
underground creeping perennial. From the 
underground stem, bald air shoots rise to the 
height of from 3 to 5 ft. The flowers are nu- 
merous, yellow, and very large ; they appear 
from July to September. [a. n. m'a.] 

Species, a group of individuals closely re- 
sembling one another in their hereditary char- 
acters, and able to breed together. A natural 
classification, intended to show genuine rela- 
tionships, is always based on structural and 
developmental resemblances. Thus whales are 
not ranked with fishes, nor bats with birds, 
but both are referred to the Mammalia, with 
which they agree in all the fundamental features 
of their structure and development. In the 
course of this natural classification it is con- 
venient to recognize certain grades or degrees, 
which are spoken of as species, genera, families, 
orders, and classes. To give an illustration, 
all the tigers are said to form the species Felis 
tigris, of the genus Felis, in the family Felidfe, 
in the order Carnivora, within the class Mam- 
malia. The resemblances of all tigers are very 
close ; very obvious, but not so close, are the re- 
semblances between tigers, lions, jaguars, pumas, 
cats, &c., which form the genus Felis ; wider 
still are the resemblances between the members 
of the cat family Felid* ; still wider those be- 
tween the cats, the dogs, the bears, the seals, 
and other forms that make up the order Car- 
nivora ; and lastly, there are the broad common 
features that bind Carnivores, Ungulates, Ro- 
dents, and other orders together in the class 
Mammalia. 

There is a twofold difficulty in giving an 
altogether defensible definition of species. In 
the first place, it is in great part a matter of 
opinion or of judgment whether a group of 
similar individuals, fertile inter se, and breeding 
on the whole true, should be called a species or 
a variety. The question is: Are the peculia- 
rities which the members of the group have in 
common, and which distinguish them from the 
members of nearly related groups, important 
enough to deserve a special name? In the 
second place, while some species are sharply 



marked off from their nearest allies — illustrat- 
ing what is called the discontinuity of species — 
there are othei'S which are connected by inter- 
grades with allied species. In such cases, a 
species is a somewhat arbitrarily defined area 
in a continuous series. 

While no rigid definition can be given of a 
species, seeing that the conception is one of 
practical convenience and purely relative, there 
are certain common-sense considerations to be 
borne in mind. 

1. A species is made up of individuals, which 
usually show minor fluctuations or larger va- 
riations when compared with their parents. 
The specific peculiarities are variable, and when 
the numbers of individuals showing different 
degrees of peculiarity are plotted out, they foi-m 
in most cases what is called the normal curve 
of frequency. There is usually a proportion 
between the amount of a variation — estimated 
by its deviation from the average — and the fre- 
quency of its occurrence. Thus in 2600 men 
taken at random in Britain, there is likely to be 
a dwarf of 4 ft. 8 in. and a giant of 6 ft. 8 in.; 
there are likely to be about twelve men of 5 ft. 
and about twelve men of 6 ft. 4 in. — that is to 
say, equal numbers on each side of the average 
of 5 ft. 8 in. Now while species are usually 
variable in this way, the common characteristics 
on the strength of which we deem it warrant- 
able to give a specific name to a group of in- 
dividuals, should exhibit some degree of con- 
stancy from one generation to another. In other 
words, a species implies a certain degree of sta- 
bility — more than is exhibited by what is called 
'an ever-sporting variety'. 

2. Sometimes a minute character, such as the 
shape of a tooth or the marking of a scale, is 
so constantly characteristic of a group of in- 
dividuals, that it may be used as a I'eliable 
specific character. On the other hand, the pe- 
culiarities on the ground of which one species 
is distinguished from another should always 
be greater than the peculiarities which crop up 
among the progeny of a pair. Otherwise, the 
classifier lands in the absurdity of placing two 
brothers in different species. As a matter of fact, 
it has repeatedly happened that one species has 
been made out of a male and another species 
out of its mate — the relationship of the two 
being at first unknown. The caution here indi- 
cated requires to be borne in mind in discus- 
sions regarding species, but especially when 
several generations have not been studied. 

3. The members of a species are fertile inter se, 
but not usually with members of other species. 
It is believed by many biologists that a restric- 
tion of the range of fertility is a necessary step 
in the establishment of a new species. Some 
form of isolation, e.g. geographical barriers, may 
divide a species into two contingents which 
follow different lines of variation and may be- 
come mutually sterile. A well-marked variety 
is a possible species in the making, and whether 
it attains specific rank or not, will depend in 
part on the occurrence of some form of isolation. 
Species arise from other species by variation, 
which may be of the nature of small fluctuations 
or of large mutations. The variants that are 
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in the direction of increased fitness to the con- 
ditions of life survive, while the others are 
quickly or slowly eliminated. The directive 
factors — Selection and Isolation — work on the 
raw material afforded by Variations, and this is 
the mode of origin of new species. [j. A. T.] 

Specific Gravity is the ratio of the mass 
of a given substance to the mass of an equal 
volume of a standard substance at a definite 
temperature, water — that is, pure distilled water 
— being generally taken as the standard. Gases 
are, however, generally referred to dry air or to 
hydrogen as a standard. The specific gravity of 
some farm products is an important criterion of 
their value. 

In the case of milk, the specific gravity, taken 
alone, is no guide whatever to quality or to 
genuineness. Milk contains, in addition to water 
itself, fats that are lighter and other solids that 
are heavier than water. Taking the mean spe- 
cific gravity as 1 030, not only is this diminished 
by the addition of water, but if the milk is 
allowed to stand, the upper layers, becoming 
richer in fat, have a lower specific gravity. On 
the other hand, the specific gravity is increased 
by the removal of the cream. 

The specific gravity of roots gives a useful 
indication of their content of dry substance. 
Suppose a potato to weigh 2i oz. in air, and to 
weigh J oz. when suspended in water, i.e. to 
lose i\ oz. when weighed in water, the specific 
gravity will be the ratio of 2i to 2j, that is, 
I'lll. Now if the three figures that follow the 
decimal point are taken and multiplied by 2, 
then 43 added, and the result divided by 10, we 
get an approximate value for the percentage 
of the dry substance. In the case supposed, 
111x2 = 222 ; 222 -I- 43 = 265 ; 265 ^ 10 = 26-5 ; 
that is, the potato contains about 26^ per cent 
dry matter. Similar formulte can be worked 
out for the other roots. 

In the case of the cereal grains, the apparent 
specific gravity in bulk gives a useful indication 
of quality, though the matter is not so simple 
as in tlie case of roots. The weight of grain per 
bushel is often given as an expression of the 
character of the grain harvested. 

Soil particles vary in their specific gravity 
according to their nature, as sand, clay, humus, 
&c. But the real specific gravity of soils, as 
it is called, that is, the specific gravity of soil 
particles supposed to be packed together with- 
out interspaces, varies within rather narrow 
limits, say from 2'400 to 2'700 for ordinary soils. 
The soil as it occurs in the field is packed loosely, 
and, in the case of the stiffer soils, the looser 
the packing the better the tilth. The apparent 
specific gravity, as it is called, that is the weight 
of, say, a cubic foot of dry soil compared with 
the weight of a cubic foot of water, gives there- 
fore an indication of the porosity of the soil 
as it exists in the field. This may vary much 
more, say from '850 to TSOO according as the 
porosity of the soil varies from 420 to 650 parts 
per thousand. [c. M. L.] 

Speedy Cutting. See art. Brushing, In- 
terfering, OR Cutting. 

Speir, John, one of the most noted agri- 
culturists of his day, was born in the parish of 



Dairy, Ayrshire, in 1850, and died in 1910. In 
1876 he became tenant of Newton Farm, about 
seven miles from Glasgow, where he spent the re- 
mainder of his life. From 1885 he was a director 
of the Highland and Agricultural Society ; in 
1897 he was appointed a member of the Royal 
Commission on Tuberculosis; in 1898 he was 
elected President of the Scottish Chamber of 
Agriculture ; and he was a governor of the 
West of Scotland Agricultural College from its 
formation in 1899. He travelled very exten- 
sively throughout Europe and America, and a 
few years prior to his death received from King 
Haakon of Norway the Knighthood of St. Olaf. 
He was a prolific writer on agricultural subjects, 
and for many years was a regular contributor 
to the annual Transactions of the Highland 
and Agricultural Society. He also contributed 
largely to the Book of the Farm, and to Green 
and Young's Cyclopedia of Agriculture ; and 
he wrote about thirty -five articles for the 
Standard Cyclopedia of Modern Agriculture, 
among which reference may be specially made 
to his original and valuable account of the Ayr- 
shire breed of cattle, and his articles on Milk, 
the Construction of Byres, the Management of 
Dairy Cows, and his Calendar of Farm Opera- 
tions for North Britain. 

He was a man of remarkable vitality, energy, 
and capacity for work, and his knowledge of 
the details of agricultural practice both at home 
and abroad was unrivalled both in its range 
and minuteness. He was warmly interested in 
agricultural education, and for many years was 
identified with every public movement in Scot- 
land for the advancement of agriculture. But 
perhaps the institution of the Ayrshire Milk 
Record Society, which was largely due to his 
efforts, may be regarded as the most valuable 
among his numerous acts of public service. 

[r. p. w.] 

Spelt {Triticum sativum spelta), an old-estab- 
lished and popular variety of wheat which, 
while still important, has largely been replaced 
by other types of wheat. See Wheat. 

Spergula arvensis (Spurrey or Yawr) 
is one of the commonest annual weeds of light 
sandy land, in corn and root crops. It is closely 
allied to the common chickweed, but is readily 
distinguished by the narrow awl-shaped leaves 
arranged in opposite tufts. The plant branches 
from the root, producing numerous straggling, 
clammy shoots. Spurrey flowers from June to 
August, and produces globe-shaped capsule fruits 
containing fiat seeds with a winged margin. 

When this weed is plentiful in the corn, the 
yield of crop may be much reduced, but corn 
after lea is seldom injured by Spurrey. The 
root crop also may be seriously injured by this 
pestilent weed. 

For eradicating, lime dressings are often effi- 
cacious, also spraying with a 5-per-cent solution 
of sulphate of copper applied at the rate of 
50 gal. per acre. Hoeing and hand-pulling may 
at times be resorted to with advantage. As 
sheep readily eat Spurrey, the weed may be 
fed off with sheep, to prevent seeding in cases 
where the crop has been smothered by the weed. 

A species of Spergula, namely S. pilifera, has 
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been recommended for forming lawns on very 
high sandy soils. This species retains its ver- 
dure during the hottest and driest seasons. 

[a. n. m'a.] 
Spermatozoon, the male sexual element. 
Just as the female organism produces ova from 




Various Forms of Spermatozoa 

1, Diagrammatic, a, Apex; h, head with nucleus: in, 
middle piece with centrosome c; t, tail. 2, Earthworm. 
3, Horse. 4, Pigeon. 5, Newt. 6, Crayfish. 7, Thread- 
worm of horse. 



the multiplication of germ cells in the ovary, 
so the male organism produces spermatozoa 
from the multiplication of germ cells in the 
testis. But there is a great contrast between 
the typical ovum and the typical spermatozoon 
in size and structure. The spermatozoon is very 
minute, a hundred or more may be borne on 
a pin's head. In many cases the spermatozoon 
is only xjjxy^tnjijt'^ '^^ the size of the ovum, and if 
the ovum is swollen with yolk, which does not 
count as living matter, the spermatozoon may 
be less than a millionth of its volume. More- 
over, while the mature ovum is quiescent, the 



mature sperm is usually adapted for vigorous 
locomotion. Much of its minute quantity of 
living matter forms a locomotor flagellum or 
' tail ', often of intricate structure, which drives 
the 'head' or nucleus before it, and at the junc- 
tion of ' head ' and ' tail ' there is a short ' middle 
piece ' or ' neck ', in which there is often a minute 
body called the ' centrosome ' or central cor- 
puscle. The tail is altogether locomotor, driv- 
ing the spermatozoon towards the ovum ; the 
head contains the hereditary contributions from 
the male parent and probably some substance 
which stimulates the fertilized ovum to divide; 
the centrosome plays an important part in the 
division or cleavage of the fertilized ovum. It 
is a notable fact that although the ripe sperma- 
tozoon and the ripe ovum are very different, 
each has usually the same number of stainable 
bodies (chromosomes) in its nucleus, and that 
number is half that which occurs in the body 
cells of the animal in question. Thus when 
spermatozoon and ovum unite in fertilization 
the normal number of chromosomes is restored. 
Spermatozoa have very little reserve material, 
but they can live for days after emission from 
the male, whether in the oviduct of the female 
or when kept artificially in a weak salt solution. 
They always move against a current if there is 
one, and they are attracted to the ovum from 
a short distance. [j. a. t.] 

Sphagnum (Bog Moss) is the botanical 
name for a genus of mosses common on every 
bog. The species are distinguished from other 
mosses by the brilliant yellowish-green colour 
when wet, and by the excessive whiteness when 
Avy. They form wet sponge beds. The body of 
the plant is composed of a slender stem clothed 
with leaves. There are no root equivalents as 
in other mosses, the leaves having taken on 
the duty of absorbing the water. The leaf is of 
peculiar construction. It has no veins {vascular 
bundles); cells alone enter into its structure. 
These cells are of two kinds, the green and the 
colourless. The green cells are for manufac- 
turing organic foodstuffs out of minerals, water, 
and air. The colourless cells are dead, and have 
spirally thickened walls and circular pores : their 
duty is to act as absorbing organs. Like their 
allies, these Bog mosses are endowed with powers 
of propagating extensively. But they can also 
reproduce sexually and form spores. The spore 
case is a globular body which opens by a lid to 
allow the spores to be scattered, and give rise 
to new generations of plants. Gardeners often 
use these Bog mosses for protecting the roots 
of flowering plants, and preventing them from 
drying : in the orchid house particularly, they 
are much in use. [a. n. m'a.] 

Spices and Condiments.— These terms 
are applied to a large class of substances which 
possess aromatic and pungent properties. Some 
are entirely used in cooking, others as flavour- 
ing ingredients in medicine, while a third group 
— the essential oil-yielding seeds — have a place 
in perfumery as well as among the spices. 

Very little of a definite nature can be learned, 
from official statistics, regarding the British sup- 
ply of spices. The imports into the United King- 
dom of ' cinnamon, ginger, pepper, and unenume- 
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rated spices' came, in 1908, to 30 million pounds, 
valued at ^800,000 sterling. Of these quanti- 
ties and values about half represent pepper, 
derived from the Straits Settlements, Madi-as, 
and French Indo-China, by far the most impor- 
tant being the supply from the Straits. 

The following are the chief spices and condi- 
ments, arranged in the sequence of their better- 
known English names: — 

1. Anise {Pimpinella A7iisu7n, Ijinn., Umbellif- 
erce) ; cultivated in Europe, Asia, and America. 
The seeds (fruits) are used in confectionery, in the 
preparation of cordials and in distillation, in the 
production of anise oil and anethol. The supply 
comes mainly from Russia, and in a less certain 
quantity from Germany, France, the Nether- 
lands, Spain, Persia, India, &o. The distilled 
seed is dried and sold as fodder for cattle, for 
which it is valued on account of its high protein 
and fat content. The fruit of the 'Star Anise' 
(Illicium anisatum, Linn., Magnoliacece), a plant 
met with in China, also yields, on distillation, 
anethol. It is in great demand in the East as 
a condiment, and is used in Europe to flavour 
spirits, especially for medicinal purposes. 

2. Betel-nut (Areca Catechu, Linn., Palmece), 
a cultivated palm met with throughout the hot 
damp regions of Asia, more especially the Malaya 
and India. It fringes the coast, and rarely ex- 
tends more than 200 miles inland, nor ascends 
the hills to a greater height than 3000 ft. above 
the sea. Usually (in Southern and Western 
India and Burma) it is seen as a garden plant, 
two or three or perhaps as many as a dozen, 
mixed it may be with as many cocoanuts, sur- 
round the cottage or line the pathway that leads 
to the village tank. In Eastern and Northern 
Bengal, however, it assumes a position of greater 
importance. In certain districts of these pro- 
vinces, regular plantations of 5 to 100 ac. in 
extent occur (exclusively of betel-nuts), and at 
such frequent intervals that they might almost 
be said to constitute a distinct agricultural fea- 
ture, scarcely less important than the combined 
crops raised on the intervening tracts. In start- 
ing such plantations it is customary to plant 
them, in the first instance, with Eri/thrina indica 
(the mandar), a leguminous tree that doubtless 
enriches the soiL As time goes on the mandar 
is eliminated and the palms transplanted from 
the nursery to their final positions, until all that 
I'emains of the mandar is a hedge around the 
plantation. At this stage the palms may now 
be standing from 6 to 8 ft. apart each way, and 
as time goes on may be as much as 3 to 4 ft., 
many having by then been self-sown. It takes 
30 years before such a plantation comes into full 
bearing, but it will continue to give a highly 
remunerative crop for 30 to 50 years subse- 
quently, and necessitate practically little or no 
trouble or expense for all these years, other than 
to keep down weeds and supply a surface dress- 
ing now and again. The palms flower and fruit 
practically throughout the year, but the best 
results are from the flowers formed in January, 
which give their fruit in October, and from those 
in March, which fruit in December. Each palm 
will give two, or as many as four bunches a year; 
and if well cai'ed for, and grown in suitable 



localities, especially with sufficient humiditj' in 
soil and atmosphere, each bunch may contain 
from 200 to 400 nuts. The nuts met with in 
trade vary extremely in quality, according to 
locality of production and method of preparation 
for the market. Usually they are simply col- 
lected, dried by exposure to the sun, shelled, 
and in that condition sold. In other instances 
the nuts are boiled whole or after being cut up 
into various-sized portions, and the fluid pre- 
served and used again and again, thus colouring 
and imparting a uniform flavour to good and 
bad qualities alike, the boiling having the ett'ect 
of destroying the obnoxious if not poisonous pro- 
perty of inferior or wild nuts. 

The chief use of the betel-nut is as an astrin- 
gent and stimulating masticatory. It is chewed 
along with the green leaf of the betel-pepper, a 
little lime, and flavouring spices — the mixture 
being known as pan. The importance of this 
nut in the Tropics may be inferred from the 
estimate of the amount annually paid by India 
alone for its supply, "which has been returned as 
one - and - a - half million pounds sterling. In 
addition to India, Ceylon, the Straits Settle- 
ments, Sumatra, China, &c., are each largely 
interested in the production of betel-nuts. 

3. Bishop's Weed {Carum copticum, Benth., 
Umbelliferce). See Caraway. 

4. Caraway (Carum Carui, Linn.). See Cara- 
way. 

5. Cardamom {Elettaria Cardamomum, Maton 
and White, Scitaminece). See Cardamom. 

6. Chillies (Capsicum spp., Solanacea). See 
Chillies. 

7. Cinnamon. — There are some twenty-four 
species of trees and shrubs placed in the genus 
Cinnamormmi (of the Lauracece), and most of 
these yield barks which are sold as grades of 
the spice cinnamon or as adulterants for it. At 
least four are important, viz.: C. Tamala, Nees 
(Indian Cassia lignea, or Cassia cinnamon) ; C. 
Cassia, Bl. (the true or Chinese Cassia lignea), 
and C. zeylanicum, Breyn (the cinnamon proper). 
Lastly, reference may be made to another species 
of great interest, C. Camphora, Nees, from the 
wood of which Japan camphor is obtained. C. 
Tamala affords the leaves known in India as 
tejpat, which are used almost universally as a 
flavouring ingredient with meat, but are never 
apparently distilled for their aromatic oil. 

"The bark of C. Tamala and of C. zeylanicum 
(collected from the wild trees in the forests on 
the west coast of India) are sold as false or 
Indian Cassia lignea. The_y may be described 
as a coarse or low-grade cinnamon which is used 
as a spice and as a flavouring material in medi- 
cine, but it is the only cinnamon eaten by the 
natives of India, the true bark being alone sold 
to meet the demands of the Europeans. 

The bark traded in in Europe as ' Cassia 
lignea' is obtained from China, very largely 
through Canton, and is derived from C. Cassia. 
The leaves and twigs are extensively distilled 
in the production of 'Oil of Cassia'. That oil is 
extensively employed as a perfume, especially 
in the manufacture of soap. 

C. zei/lanicum aff'ords the true cinnamon of 
European shops. It is only in Ce3'lon that it is 
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now and has been for centuries cultivated on a 
large scale, on account of the aromatic bark. It 
grows best on sandy loams in sheltered situa- 
tions within the Tropics. When a plantation 
is six years old the plants are cut down to the 
ground, and every alternate year thereafter are 
similaily pruned. In consequence, the plants 
acquire the habit of producing long willow-like 
shoots. These when cut off are trimmed, the 
leaves and lateral shoots stripped off, and a longi- 
tudinal slit from top to bottom made on each 
side through the thickness of the bark. The 
shoots are then lubbed with a smooth piece of 
wood, when the bark readily comes off. The 
strips thus obtained are then placed one within 
the other, packed into bundles, and set aside for 
a day or two. They are next once more opened 
out, the epidermis scraped off from each, then 
cut into lengths of about 12 in. and again placed 
one within the other, and left to dry in the shade. 
In consequence they gradually twist around each 
other and assume the condition, colour, and 
aroma of the quills met with in European com- 
merce. The annual supply taken by the United 
Kingdom conies on the average to one million 
pounds, valued at £25,000. 

8. Cloves {Eugenia caryophyllata, Thunb., 
Myrtaceas). See Clove and Clove Trees. 

9. CocoANUT {Cocos nudfera, Linn., Palmece). 
See CocoANUT. 

10. Coriander (Coriandrum sativum, Linn., 
Umhelliferce), a herbaceous plant cultivated in 
most warm temperate tracts. In India it is 
grown in the colder months of the year. In 
Europe it is a regular crop, as for example in 
Russia, Hungary, Holland, and even in England. 
It has been known from the most ancient times, 
and the seeds (fruits) used as a flavouring agent 
in food, confectionery, and in distillation, chiefly 
with gin. 

11. Cumin (Cuirdnum Cyminum, Linn., Um- 
bellifer(e), an annual herb of the warm tempe- 
rate tracts, cultivated from the most ancient 
times in South Europe, Palestine, and India. 
It was a common flavouring spice in England 
during the 17th century, but has been displaced 
to a large extent by caraway. It is still exten- 
sively used in India and the East, is an impor- 
tant ingredient in many curry powders, and is 
often resorted to in veterinary medicine. 

12. Cumin, Black {Nigella sativa, Linn., Ean- 
unculacew). — This is sometimes called the Small 
Fennel or Fennel-flower Seed, and is an annual 
herbaceous crop. It is fairly extensively grown 
in all subtropical countries. The seeds are ai'o- 
raatic and yield two oils — a dark-coloured (fra- 
grant and volatile), and a clear (nearly colour- 
less, of the consistence of castor oil). The seeds 
are regarded as carminative and digestive. In 
India they are much used in curries, and are 
often employed by French cooks. 

13. CuTCH and Kath {Acacia Catechu, Willd., 
Legumi'iiosce). See Acacia; also Catechu. 

14. 1)11,1, {Peucedanuin graveolens,'B&iii\\., Um- 
helliferos), the sowa of India, a glabrous herb 
cultivated since antiquity throughout the south 
of Europe, and in most subti'opical countries of 
Asia and North Africa. It is frequently eaten 
as a vegetable, and from the seeds (fruits) an 



essential oil is obtained which has well-known 
medicinal properties and is extensively em2oloyed 
in perfumer}', especially for soaj]. Both seeds 
and leaves are commonly used in India to flavour 
curries. In passing, it may be here added that 
Peucedanum sativum is the parsnip. 

15. T?KS'sm,{Fanicidumvulgare,Ga,Qvtn., Um- 
helliferce), a perennial which may attain a height 
of 5 ft. It is cultivated in Cential Europe, India, 
and Japan — bitter or medicinal fennel; Mace- 
donia, France, Italy, &c. — sweet fennel. It is 
grown partly on account of the edible root of 
some forms, but more especially for the aromatic 
seed, employed both medicinally and in distilla- 
tion. The oil is utilized in cordials and in the 
preparation of fennel water. 

16. Fenugreek: {Trigonella Foenum-grcecum, 
Linn., Leguminosce), a robust annual herb, is 
cultivated extensively in the East, in Egypt, 
Abyssinia, &c. It is consumed as a fodder plant; 
the seeds are used in curries and as a condi- 
ment, and are of considerable importance in 
veterinary medicine. 

17. Ginger {Zingiber officinale, Eoscoe, Scita- 
minece). See Ginger. 

18. Kola {Cola acuminata, Schott and Endl., 
Sterculiacece). See Kola Nuts. 

19. Nutmeg and Mace {Myristica fragrans, 
Houtt., Myristicacea;). See Nutmeg and Mace. 

20. Pepper (Black, White, Betel, Cubebs, &c.) 
{Piper spp., Piperacece). See Pepper. 

21. Peppermint {Mentha piperita, Linn., La- 
hiatce). — In Europe this is perhaps the best 
known of all the spices and condiments. Several 
species have been used for culinary and medi- 
cinal purposes from the most ancient times. 
Mentha crispa yields the kraus-eminzol of the Ger- 
mans; M. viridis the American spearmint oil; 
and M. arvensis var. piperasceus the Japanese 
peppermint oil. What may, however, be called 
the true peppermint {M. piperita) is extensively 
cultivated in England, in America, Japan, Ger- 
many, France, Russia, and other countries. The 
cultivation of the plant, and the distillation of 
the oil therefrom, may be spoken of as important 
industries in the localities named. The English 
at Mitcham dates from the middle of the 18th 
century, but it has been in a languishing con- 
dition since 1850, when the American farms were 
started. It would seem, however, that the Japan- 
ese were distilling the oil for centuries before 
the art was known in Europe. In cultivation 
in Europe and America there are two chief 
forms, the Black and the White; but it maj' be 
said every locality has special stocks of its own, 
and that few plants respond to the influences of 
climate, soil, and treatment more readily. What 
is even more curious, several of these special 
races have distinct and valued chemical proper- 
ties. The oil is largely used in medicine, cordials, 
and confectionery. 

22. Pimento, Allspice, or Jamaica Pepper 
{Pimenta officinalis, Lindl., Myrtacece), a small 
tree (30 ft.) with a clean, white stem ; wild in 
many of the West Indian islands, as also in Cen- 
tral and South America; cultivated on a fairly 
large scale in Jamaica for the sake of its unripe 
fruits — the 'Allspice' of these islands. The plan- 
tations of this spice-yielding tree are formed by 
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allowing plots of poor stony soils to lie fallow 
and get overrun with bush. A large percentage 
of the self-sown plants that thus appear is almost 
certain to be Pimento. In time the useless jungle 
plants are removed and the Pimento thinned out 
to, say, 20 to 30 ft. each way. Pimento succeeds 
on all poor soils, provided they are well drained, 
and exposed to a hot dry atmosphere. In about 
seven years the trees begin to give crops, the 
yield increasing for a few yeai-s thereafter as 
the plantation assumes maturity. The fruits 
are collected in a green state, in fact immedi- 
ately the blossom falls. The ripe berries con- 
tain a sweet jelly, but have no aromatic property, 
and are in consequence valueless. The green 
beriies are dried in the sun on tiays, the drying 
process occupying from three to twelve days, 
according to climate. The proper degree of dry- 
ing is recognized by the wrinkling of the sur- 
face, the dark colour assumed, and the rattling 
of the seeds within. In drying, the berries lose 
one-third of their weight, and the yield per tree 
may vary from a few pounds to a hundredweight. 
The name ' allspice' is suggestive of the aroma 
of these berries when carefully cured, namely 
the cinnamon, clove, and nutmeg all in one. The 
berries are largely used as spice in culinary 
purposes, and in medicine as a stimulating and 
flavouring ingredient. By distillation they yield 
'Oil of Pimento', which in many respects re- 
sembles 'Oil of Cloves' and is similarly utilized. 

The leaves of Pimenta acris, Kostel., are dis- 
tilled in the production of 'Oil of Bay', a sub- 
stance specially in demand in the manufacture 
of ' bay rum', which is used largely in the United 
States as a refreshing perfume in faintness. The 
dried unripe berries of that species also yield an 
inferior grade of Pimento. In Dominica the 
leaves both of P. officinalis and P. acris are col- 
lected, dried, and exported to the United States 
to be distilled. In Ti'inidad, oil of Pimento 
leaves is distilled and exported. 

23. Turmeric {Curcuma longa, Linn., Scita- 
minece), an interesting and valuable plant, which 
not only belongs to the family of the ginger, 
but in many respects closely resembles ginger 
itself. It is grown on account of its tuberous 
roots (or rhizomes), of which there may be said 
to be two main kinds, those used as a condiment 
and those as a dye. It is grown throughout the 
tropical regions of the globe. But as it got dis- 
persed from its indigenous area the dye was con- 
fused with saffron. Cochin-china root is soft 
and globular, and usually comes into the Euro- 
pean markets sliced. The Indian is hard, rich 
in dye, elongated, and comes entire. Hence the 
three grades, 'finger', 'bulb', and 'cut bulb'. 
The softer Indian ' fingers' are eaten as well as 
the 'bulb' forms. Turmeric may in fact be 
viewed as one of the most important of all con- 
diments, being an indispensable ingredient in 
curry powders, imparting their most character- 
istic flavour as well as their colour. 

Turmeric requires a rich friable soil, and one 
above inundation level. It is frequently made 
to follow sugar cane, so as to participate in the 
liberal manuring that had been pursued. About 
April or May the land is raised into furrows, 
and the sets (root cuttings) planted on the top 



so as to be 18 in. or 2 ft. apart each way. About 
December or January the crop may be obtained, 
namely about 2000 llj. of fresh tubers to the 
acre. If left in the ground for a second year 
the yield will be both heavier and better. The 
tubers are cleansed, stripped of their fibrous 
roots, and stewed gradually i]i earthen pots. 
Then they are dried in the sun, the while being 
carefully protected from the dews of night. In 
some localities the tubers are boiled in water 
and dried, often by artificial heat. When in- 
tended to be used as a dye the tubers are boiled 
a second time, and while still wet are reduced 
to a paste and dried into the powder in which 
form they are usually sold. The dye is employed 
to give colour to varnishes, and in the production 
of certain compound shades often desired in silk 
and wool. The colour has a special affinity for 
cotton, but is fugitive. In European commerce, 
Formosan and Chinese turmeric take the first 
place, next come the Bengal, then that from 
Pegu, ]\'Iadras, and Bombay. The price varies 
from 12s. to 26s. per cwt. 

24. Vanilla ( Vanilla planifolia, And., Orchi- 
dacece), a climbing orchid, the fruits of which 
(beans as they are called in trade) are employed 
as a flavouring ingredient in confectionery, ice 
creams, liqueurs, medicines, &c. On the conquest 
of Mexico the Aztecs were found to flavour their 
chocolate with vanilla, and in consequence the 
two products found their way to Europe almost 
simultaneously. A large demand soon there- 
after arose for both, and cultivation of vanilla 
extended to Brazil, Honduras, the West Indies, 
Guadeloupe, Madagascar, Mauritius, Seychelles, 
Java, Fiji, Tahiti, Ceylon, and India. In its 
indigenous habitat (South-east Mexico) it is also 
now extensively cultivated, especially in Vera 
Cruz. Hence supplementing the wild supply, 
cultivation has greatly extended production, but 
has not lowered the price sufficiently to bring 
it into the universal demand that would other- 
wise be the case. The plant is grown against 
walls or on trellis work under broken shade. It 
requires a rich vegetable mould situate within 
the Tropics ; but while it thus demands a hot 
damp atmosphere, the soil must be well drained, 
and even heaped up around the plants, to prevent 
surface accumulation of water. It is raised from 
cuttings several feet long, set at once in their 
final positions. It is a climber, and the fencing 
on which it is trained must be strong, for as the 
plants grow, it has to be linked up with trans- 
verse bamboos, from support to support, in every 
direction. In most of the larger plantations the 
main supports are live trees. In dry weather 
the soil should be mulched, so as to protect the 
surface roots ; in fact the best dressing is fresh 
vegetable mould. Animal manures in any form 
should not be used. The plants commence to 
flower in their second year, and by the fourth 
the plantations should be in full bearing. In 
most of the countries of special cultivation, the 
insector birdthataccomplishes fertilization being 
absent, the planter has to instruct his servants 
in the process of fertilizing the fruits, and this 
has to be done in the morning of each day until 
flowering ceases. The fertilized fruit takes five 
months to attain maturity. If unfertilized, the 
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fruit turns yellow and drops off almost as soon 
as the flower. The flowers appear in February 
or March, in clusters of which less than half 
need be fertilized. The fruits are i-ipe when 
they begin to turn yellow; they should then be 
from 8 to 12 in, long and about 1 in. in circum- 
ference, and filled throughout their length with 
minute, black, oily seeds. The fruits must be 
picked by hand separately. If left until over- 
ripe they will split during the process of curing, 
and become ne.\t to useless ; while if underripe 
they do not attain their proper aroma. On being 
bi'ought to the curing house they are dipped 
into boiling water for a few seconds, 
then spread out on mats to allow the 
water to drain away, and afterwards 
are carried on mats to a place where 
they can be exposed to the sun. At 
night they are rolled up within their 
mats and placed within boxes to allow 
of fermentation taking place. This 
process of alternate sunning and fer- 
menting is continued for a week or so, 
and, as it proceeds, the pods turn of a 
brown colour. They are the while care- 
fully rubbed and squeezed between the 
fingers, and in some localities a little 
sweet oil is applied to them. If they 
show any tendency to split they are 
carefully tied up with string. Ulti- 
mately the drying is completed in the 
shade, this stage often taking weeks. 
The pods are then assorted according 
to length (the longer the better), tied 
up into bundles of twenty-five to fifty, 
packed into boxes, and often even sol- 
dered down so as to exclude the air and 
preserve the aroma. The fragrance is 
due to the presence of 'vanillic acid', 
which is often seen crystallized on the 
outside of successfully cured pods. In 
commerce, vanilla is the highest-priced 
vegetable, for its weight, that appears, 
but its characteristic active piinciple 
is closely imitated by a preparation of 
pine-wood oil and clove oil. It is more- 
over found in other species of orchids, 
though of a lower quality than that 
of the true vanilla plant. The inferior 
grades may be at once recognized by 
the shortness of the pods and their poor aroma. 

[o. W.J 
Spiders belong to the section or order Ara- 
neid;« of the class Arachnida, which includes 
also scorpions and mites. They collect insects 
in various ways — some by hunting, others by 
watching in dark corners and holes and darting 
on their prey, very many by forming traps of 
webbing of various kinds. Spiders have all 
eight legs, and their head and thorax are united 
into one piece, the abdomen being distinct and 
baglike. They have simple eyes, in two, six, 
or eight arrangement. The mouth consists of 
modified mandibles with which the spider seizes 
its prey; the last joint of the falx or fang is 
curved, and fits into a toothed depression when 
in repose. This fang has a small aperture at 
the apex through which passes out a colourless, 
more or less venomous fluid secreted by the 



poison gland. At the moment of the bite the 
secretion of the gland flows into the wound, 
and in the case of small flies, &c., causes almost 
instant death. At the tail end of the spider 
are placed four or six wartlike structures, the 
spinnerets, through which the liquid that is to 
form the webbing is passed out, the various 
strands uniting into one piece of silk. The glue 
that forms the silk is secreted by glands in the 
abdomen ; these open by fine pores on the sur- 
face of the papilL-e. This silk is most elastic. 

Spiders are divided into two sections: (1) the 
lai'ge, mostly tropical species, which have four 




1, House Spider, a, Abdomen; h, cephalothoi';ix; c, maxillary palpi. 
2, Front of head, a, Ocelli; h, mandibles. 3, Under side of head. 
a, True jaw; b, lower lip; c, sub-mentuni. 4, One of the air chambers, 
5, Spinnerets, a. Minute web threads in moist sticky glue; &, tlireads 
stuclt together with globules of glue which entrap insects; c, anchor 
of web. 



air sacs and four spinnerets; the others (2), 
with which we are familiar in Britain, have 
only two breathing sacs and six spinnerets. 
The first are the Crab Spiders, or Mygalida;, 
one of which, Atypus sulzeri, is found in Britain, 
a large spider which excavates a subterranean 
gallery with a silken tube. Amongst this group 
we also find the huge Bird Spiders {Mygale) and 
the Trapdoor Spiders. The Epeirida? or 'Orb- 
weavers' are those we are most acquainted with 
in this country. They are humpbacked and glo- 
bose, and form radiating, geometrical webs. The 
web consists of an elastic spiral line, thickly 
studded with minute globules of gum, and across 
this are drawn radiating fibres converging to the 
centre, which are devoid of the gummy drops. 
These sticky drops do not harden in the air, but 
the spiral thread is said to be renewed every 
twenty-four hours. 
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Tlie majority of spiders lay their ova in 
masses surrounded with silk like a cocoon and 
in cases. Some carry the egg masses about with 
them. The young are like the adults, but are 
unable at first to catch their prey, and remain 
in colonies amongst the silk of the egg masses 
until after their first moult. The fine threads 
•we find floating in the air in autumn, called 
gossamer, are the work of young spiders, which 
raise themselves in the air by this means. They 
pass the winter in sheltered positions. Most 
spiders hunt at night, but some of the wander- 
ing species do so during the day. The sexes 
are distinct, the males having a smaller abdomen 
than the females. The females often kill the 
males during or after copulation. [f. v. t.] 

Spilonota. roborana. (the Rose Shoot 
Moth). — This small Tortrix moth measures about 
5 in. in wing expanse. The fore wings have a 
brown basal patch, a brown streak running along 
the costa to the middle, then white speckled with 
grey, tip reddish -bro%Yn, the spot or ocellus 
leaden-grey, edged internally with dark-brown. 
The moth appears in June and July. It lays 
its eggs on the rose shoots, and the larvoe feed 
in them; they are dull-brown with a dark head, 
and are found in April and May. It is very 
common, and harmful to roses. Nothing can 
be done for this rose pest save hand-picking the 
attacked shoots and burning them. [r. v. T.] 

Spinach {Spinacia oleracea, nat. ord. Cheno- 
podiacea;), an annual cultivated for its leaves. 




Spinach— Lettuce-leaved 

Spinach is best suited by a deep, rich loam, 
which should be deeply worked and well man- 
ured. A somewhat moist and shady situation 
is to be preferred for summer crops, but in 
winter a dry position is advantageous. It is 
usual to make the first sowing in mid-February, 
to be followed by successional sowings every 
three weeks till May, and afterwards even more 
frequently till August, when the Flanders and 
Lettuce - leaved varieties are sown for winter 
use. Time is gained by soaking the seeds for 
a few hours before sowing ; but if this is done 
they must not afterwards be allowed to become 
dry. The summer crop is sown in shallow drills 
about 1 ft. apart, and that for winter supply 
in drills 1.5 in. to 18 in. apart, or broadcast. 
The seedlings are first thinned to 2 in. apart, 
and afterwards to 6 in. or 9 in. Plenty of water 
is required in diy weather. The largest leaves 
should be picked off for use in preference to 



indiscriminate cutting. It is well to protect 
a portion of the winter crop by such means as 
putting up hurdles, or a row of stakes inter- 
woven with fern or furze. Spinach may profit- 
ably be grown between rows of peas and beans 
or cauliflowers, and winter spinach to follow 
potatoes, or onions, or under fruit trees. The 
principal varieties are the round -seeded for 
summer, and Flanders, Lettuce - leaved, and 
Prickly-seeded for winter use. The Late-seed- 
ing or Long-standing variety may be sown for 
winter or summer use. [w. w.] 

Spinach — Parasitic Fungi.— The foli- 
age may become blotched and discoloured. The 
fungus most commonly present is a whitish 
Downy Mildew {Peronospora effusa), which is 
also very frequent on White Goosefoot and other 
weeds of this order (see Chenopodiace^); from 
these weeds the Spinach becomes infected. 
Treatment. — Damage may be restricted by re- 
moving discoloured leaves, but plants badly 
attacked are best removed altogether. Neither 
Spinach nor Beet should be grown on the in- 
fected soil for some years, and a dressing of 
lime should be given. Diseased plants should 
not be used for seed production, as the fungus 
spores are carried in the seed husks. If Spinach 
is being raised under glass, ventilation is neces- 
sary, and wetting the foliage is to be avoided. 

[w. G. s.] 

Spirit-level, an instrument for obtaining 
an exact horizontal line by means of a glass tube 
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Fig. 1 

(usually) containing some very limpid liquid and 
a bubble of air. The liquid most commonly 
used is alcohol, or a mixture of ether and alcohol, 
and the tube, which is hermetically sealed at 
both ends, is nearly but not quite cylindrical; 
the interior being ground so that a longitudinal 
section is slightly curved, convex upwards, as 
indicated in fig. 1. The air bubble, A, places 



Fig. 2. — Pocltet Spirit-level 

itself at the highest point of the tube; and the 
tangent, at, to the internal surface of the tube 
at the point is horizontal. The glass tube is 
usually fixed in a brass case, as shown in fig. 2, 
for convenience of handling and as a protection 
against fracture. 

The horizontality of a line, to which a spirit- 
level is applied, is indicated by the air bubble 
being at the centre of its run ; and when the 
bubble deviates from that position, the greater 
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the deviation the farther is the line 'off' the 
horizontal. 

The term ' spirit-level ', or ' level ', is also ap- 
plied to a levelling instrument used by surveyors 
chiefly for determining relative elevations of the 
ground, and of which the above bubble tube or 
spirit - level proper forms a part. There are 
various forms of level used in practice; the one 
shown in fig. 3 is Gravatt's, called the ' Dumpy 




Fig. 3. — Dumpy Level 



Level '. A is the bubble tube, attached by 
screws to the telescope, bc, resting upon blocks 
screwed to a flat plate or bar, dd. This bar 
is attached to a hollow cylindrical part, e, which 
turns upon a spindle fixed to the upper parallel 
plate, FF, the spindle being carried down to the 
plate, GG, and attached there to ball-and-socket 
joint. The four plate screws,/, are for the pur- 
pose of levelling the instrument, which, when in 
use, is carried upon a tripod. [h. b.] 

Splenic Apoplexy, a name sometimes 
given to the disease better known as anthrax. 
See Anthrax. 

Splint, a bony exostosis below the knee or 
hock and connected with the splint bones, which 
are placed on the sides of the metacarpal and 
metatarsal bones of the fore and hind limbs re- 
spectively. Splints are not confined to horses, 
but in these animals are of greatest importance 
because lameness is a frequent accompaniment 
during the formative period. Young animals, 
when first broken in or called upon to exert 
themselves, are the chief victims of splint, but 
certain conformations favour their development, 
as in the case of small-boned horses with long 
cannons. They may be regarded as natural 
stays or additional supports in many cases, and 
thrown out to provide against strain and con- 
cussion which the limb has found itself unable 
to bear. Their position on the limb is of great 
importance. The shape taken by splints is also 
to be considered in estimating the risks which 
their presence entails. If high up or near the 
knee or hock they may ' creep ', as it is said, or 
grow in a direction which ultimately involves 
a joint, and so cause incurable lameness or anchy- 
losis. If posteriorly placed, splints may inter- 
fere with the play of tendons or injure ligaments. 
A great variety of terms are employed by horse- 
men to describe the disposition and character of 
splints. Pegged or wedged refers to a growth 
of bony matter which passes between the little 
bones and the great ones, and is feared because 
the backward dii'ection taken is in the space 
between the cannon and check ligaments and 



other soft structures capable of injury by rough 
surfaces which cannot be got at like those splints, 
which can be wholly traced on the side of the 
leg. As a general rule, the rounded variety are 
the least harmful if they are not so large as to 
present obstacles to the clearance of the foot of 
the opposite leg, and provided they are well 
forward. Splints originate in inflammation of 
the periosteal or bone-making membrane, and 
can be treated successfully by employing warm 
fomentations and cold lotions, and administering 
an aloetic ball while resting the patient. If this 
is done early, the splint is not likely to attain 
large dimensions, and we may presently excite 
absorption of its softer parts and the consolida- 
tion of the union between the bones by mercuric 
blisters (see Blisters). Failing early treatment, 
splints often grow to large proportions and ne- 
cessitate severe measures, as puncture firing or 
scarification of the periosteum, or an operation 
by which they are dissected out. Many, indeed 
most adult horses have splints which have ceased 
to be a source of lameness or even of danger, 
and, provided their shape and situation are not 




Splint 
A, Exposed splint. B, Splint covered by skin. 

bad, horses over five years old are generally 
passed by the veterinary examiner. [h. l.] 

Sport. — The word 'sport', although its mean- 
ing is sometimes extended to include all outdoor 
pastimes, is more usually applied exclusively to 
those recreations of which the main object is the 
killing of some animal. There has never been 
a time when Englishmen and Scotchmen were 
not devoted to sport. Indeed, the further we 
go back in history, the more important is the 
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part which sport appears to play in the national 
life ; for what is now a mere recreation was 
often in earlier daj'S a serious pursuit. lATien 
a man's life might at any time depend upon his 
skill with the sword, he was naturally assiduous 
in his study of the art of fencing. And we can 
easily believe that all the sports which partake 
of the nature of preparation for war awoke in the 
breasts of our bellicose ancestors an enthusiasm 
only inferior to that caused by the prospect of 
an invasion of France. When every man was 
a soldier, such an event as the historic fight 
between the Clan Quhele and the Clan Chattan 
at Perth on Palm Sunday, 1346, must have given 
rise to as much excitement as a modern ' cup- 
tie ', or as the famous boxing championship be- 
tween Corbett and Fitz-Simmons. Hence, too, 
the pomp and splendour of the great tourna- 
ments in mediaeval times. And if the defensive 
and oifensive sports have undergone this gradual 
decline into mere pastimes, the same must be 
said of hunting and shooting, and all those sports 
in which it is the sportsman's object to slay some 
quarry. For, apart altogether from the pre- 
historic age, there can be little doubt that in 
ancient Britain, sparsely inhabited as it was, 
hunting was often the means of providing a 
welcome addition to a sometimes precarious food 
supply. Hunting (see Hustin'g) was then not 
a recreation but a serious business. The transi- 
tion was of course not sudden. For many cen- 
turies the chief objects of pursuit — the wild boar 
and the stag — were animals fit for the table; 
the final stage in the transformation of the sport 
may be said to have occurred when the inedible 
fox supplanted wild swine and deer in the affec- 
tions of huntsmen — an event which took place 
only about 150 years ago. History relates the 
hunting feats of many of our early sovereigns, 
notably of Alfred the Great. Indeed, so enthusi- 
astic and so selfish did the monarchs become, 
that hunting gradually became restricted to 
Royalty and to the greater nobles; cruel game 
laws were passed; and the barbarous measures 
which William the Conqueror adopted in order 
to create the New Forest are too well known to 
need description. All through the Middle Ages 
hunting never went out of fashion, and from 
quite early times — certainly since the 14th cen- 
tury — ladies appear to have played a prominent 
part in the sport. Queen Elizabeth, for instance, 
was a great huntress. It was not, however, 
until the middle of the 18th century that fox- 
hunting began to come to the fore. Up to that 
time ' fieynard ' seems to have been regarded, 
like his more formidable relative the wolf, as 
a verminly beast whom it was legitimate to 
destroy in any possible manner. It used to be 
held, moreover, that the pursuit of the hare 
(a sport which dates from much earlier times) 
affords a greater variety of interest than fox- 
hunting. But after the wild boar had become 
e-xtinct, which it did about 1620, and the op- 
portunities for staghunting more and more re- 
stricted, the virtues of the vulpine tribe came 
to be better understood. Of course, in early 
days the mode of procedure was much more 
happy-go-lucky than now; the hounds were not 
always kept for hunting foxes only, and thej' 



were, indeed, often mere mongrels. There is no 
doubt, too, that both horses and hounds were 
slower than at the present day, and there was 
less hard riding. But the energy displayed by 
the huntsmen was great. The fox used to be 
routed out at an inordinately early hour, and it 
was actually the custom to breakfast at mid- 
night. (See Foxhunting.) Except in the West 
country — with the famous Exmoor pack — and 
once or twice in Windsor Forest in George Ill's 
day, the wild stag has not been hunted in the 
British Isles since the 18th century. The people 
of Devonshire are not only favoured by the 
unique opportunity of hunting wild stag, but 
are also e.xceptionally well situated for enjoying 
the rare sport of otterhunting. 

It may seem strange that the two greatest of 
our rural sports — foxhunting and shooting — 
should be quite modern innovations, but such 
is undoubtedly the case. Shooting came in at 
much the same time as foxhunting, namely, in 
the middle of the 18th century. It was only 
then that guns became sufficiently accurate to 
make it possible to hit birds whilst on the wing, 
and until that point of perfection was reached 
there could, of course, be no shooting in the 
modern sense of the word. Tliere is no doubt 
that countrymen used to stalk game occasionally 
in much earlier times, as far back, indeed, as the 
15th century, but the sport in those days must 
have been arduous in the extreme, for it was 
necessary for the hunter to creep up to within 
a very close i-ange, and then take careful aim at 
the motionless and unsuspecting bird or quad- 
ruped. Although shooting became a regular and 
recognized pastime in the 18th century, the days 
of big bags did not begin until about 1840. The 
sportsman of the Georgian era would often go 
out for a whole day and tramp the country far 
and wide, perhaps getting a shot only about once 
an hour, and returning home in the evening with 
only two or three brace of partridges. Different, 
indeed, from the conditions prevailing at the 
present day! See Shooting. 

Before firearms were of any use for bringing 
down flying birds, some other method — and a 
method more expeditious than the laborious and 
usually fruitless process of stalking the game — 
had to be found. And just as among quadrupeds 
the ingenuity of man utilized the natural in- 
stincts of the wolf tribe in order to secure veni- 
son and pork, so did he harness the powers of 
raptorial birds when he desired to stock his 
larder with feathered game. There are few 
sports more ancient than falconry. In England 
it has been practised from the earliest Saxon 
times, and abroad it seems to have been carried 
on in Babylonia as long ago as 1200 B.C., and in 
China in 2000 B.C. Although with the intro- 
duction and improvement of firearms the prac- 
tical utility of falconry necessarily disappeared, 
the sport is still carried on in those parts of the 
British Isles where the country is sufficiently 
open to permit of it. Abroad, too, hawking is 
still in vogue, and perhaps the most remarkable 
of foreign achievements is the use wliich is made 
of the Golden Eagle in Central Asia. In that 
country the people train their eagles to hunt 
wolves; a quarry which, one would suppose, even 
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these great birds must find pretty formidable. 
Tlie nearest approach to this in our own country 
is hare-hunting with the gosliawk, the females 
of which species are powerful enough to hold the 
quadrupeds. The peregrine, the gyrfalcon, the 
merlin, the sparrow-hawk, &c., are also trained 
in Britain. See Falconry. 

If mankind has succeeded in finding useful 
assistants in hunting terrestrial and aerial beings, 
in the case of fishes he has had to rely for the 
most part upon his own skill. Fishing is, of 
course, a much more ancient occupation than 
hawking, and may even date back nearly as far 
in prehistoric time as hunting. Nets have always 
been, and still remain, the most eflfective means 
of securing fish, but angling — that is, fishing 
with rod, line, or hook — has proved more attrac- 
tive to amateur fishermen. Not that a consider- 
able number of fishes may not sometimes be 
taken with a hook — especially in the case of 
sea-fishing. There are many parts of our coasts 
where bottom-fishing gives excellent sport, and 
the plenitude of game is often so great that the 
only difficulty is to haul in the lines fast enough. 
Freshwater fishing is of course a higher, if usu- 
ally less fruitful, art. And again, angling with 
the fly is generally considered to take precedence 
of float-fishing. Angling under conditions essen- 
tially similar to those prevailing at the present 
day has been practised for centuries. As far 
back as the 15th century we read not only of 
rods, hooks, leads, floats, &c., but also of arti- 
ficial flies. We may suppose, however, that our 
ancestors had lesser difficulties to contend with. 
There is no doubt that fishes inhabiting rivers 
which have been long frequented by anglers are 
not only less plentiful but much more wary. 
In many non- European lands the fish are so 
simple - minded that angling becomes almost 
child's play, and even in Britain the fishes in 
the Thames (which has been worked over more 
than any other river) are decidedly more cautious 
than their less persecuted congeners in other 
waters. See Fishing. 

There is perhaps no British sport which is 
more wholesome and health -giving than seal- 
stalking. This can be enjoyed on many parts 
of our coast — which are frequented by both the 
Grey and Common Seal — but the best locality 
is the Orkney and Shetland Isles. Seal-shooting 
will appeal especially to the true sportsman, 
whose pleasure is enhanced by the presence of 
difficulties; for seals are remarkably wary crea- 
tures and are difficult to approach. They have 
to be shot whilst on shore, for they usually sink 
when killed out at sea. Another uncommon 
sport is badger-hunting. The mode of procedure 
is as follows: A number of men and dogs — any 
breed of cur will do, provided only they will 
give tongue — collect around the badger's hole 
at nightfall and watch until the creature issues 
forth from its lair. Then sacks with running 
nooses are placed in all the holes leading into 
the animal's subterranean dwelling, and when 
it has been given a good start the dogs are set 
upon its trail. An exhilarating chase then com- 
mences, and the ' brock ' rushes back in hot haste 
to its home, only to find itself completely en- 
veloped in a sack. The animal may be then 
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turned loose once more in order to provide an- 
other run — indeed, the process may be repeated 
three or four times in one night — or it may be 
transported to another district to extend the 
range of the species. This method of hunting 
is most exciting, and since it has the additional 
merit of scarcely ever ending in a tragedy, it 
should certainly be more widely known and 
carried on than it now is. The fun that can 
be derived from a sport is not necessarily de- 
pendent upon the size and dignity of the quarry, 
and few pastimes are more full of perpetual 
excitement than ratting. It is, too, much the 
most effective way of getting rid of these vermin, 
for traps (see Traps for Vermin and Trapping) 
and poison are not of much use — of less use in 
reality than the rat's natural enemies. Less 
care need be taken of the dogs than of the fer- 
rets; almost any kind of terrier will serve, for 
they all have an ardent inborn love of the sport. 
For ratting, bitch ferrets are much better than 
the males, because owing to their small size they 
can follow their prey anywhere. They should 
on no account be muzzled, nor should they be 
run with a line. It is advisable to take a con- 
siderable number of ferrets and to let them 
hunt in turn; they almost always get wounded 
in the fray, and as a rat's bite is poisonous their 
sores should be dressed with sweet oil at the end 
of the day's work. White ferrets should be 
used; the brown ones are liable to be pounced 
upon by an over-hasty terrier, mistaking them 
for rats. [h. s. r. e.] 

Spotted Flycatcher {Muscicapa grisola). 
— This inconspicuous migrant bird is fairly com- 
mon in parts of Britain (less so in Scotland) 
from May to September. It is a little more 
than 5 in. in length, with fairly pointed wings 
and a very long hind toe. The rather stout 
beak is laterally flattened and very slightly 
bent down at the tip, while the broad flattened 
base is fringed by Ijristles, as in some other 
insect-eating birds. The male (in summer dress) 
is chestnut-brown above, with darker wings and 
tail, and grey below, while the throat is streaked 
or spotted. The plumage of the female is grey 
above and whitish below, like the winter dress 
of the male. The food consists entirely of 
insects of the most various kind, and the bird 
captures these on the wing, making short jerky 
flights from points of vantage. The Spotted 
Flycatcher is extremely beneficial to agriculture 
and allied industries, and it should be rigidly 
protected, and as far as possible encouraged. 
The five eggs are spotted with rust}' or purplish 
spots on a greenish or bluish ground. There 
are two broods in the season. See Fltcatcher, 
where a figure of this bird is given, [j. R. A. D.] 

Sprains. — When more force is exerted 
upon a tendon, ligament, or muscle than it can 
bear without injury, it is said to be strained or 
sprained. Tendons and ligaments are not elastic, 
and only become elongated by continuous force. 
Strains vary from a slight extension to partial 
rupture or breaking away of fibres. Complete 
rupture passes out of the category of sprains, 
although accomplished in the same manner. 
The soft swelling which follows on a strain is 
due to the presence of extravasated blood or 
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exuded lymph ; and this prevents the immediate 
reunion of ruptured fibres, although ultimately 
contributing to repair. To hinder the accumula- 
tion of these matters and provoke their absorp- 
tion is our primary object in treatment. Either 
hot or cold water checks the circulation of the 
blood, and so hinders effusion into the tissues. 
Purgatives and diuretics carry off more or less 
of the effused fluids. Fluidity of the blood by 
copious draughts of water should be maintained. 
Laxative foods favour the subject of sprain. 
Whether to rest or use a sprained structure is 
still a moot question. The generality of vet- 
erinary practitioners prescribe rest, and special 
appliances, such as high-heeled shoes, to relieve 
sprain of legs ; also cold or evaporating lotions, 
and, later, warm liniments or stronger agents 
as blisters, and a turn out at grass. j\Iany 
sprains are cured by a thick layer of cotton 
wool compressed by bandages. [h. l.] 

Sprayers. — Sprayers distribute liquids in 
the form of finely divided sprays over fruit 
trees and farm and garden crops to prevent or 
destroy injurious insects and fungi. In almost 
all instances an air-tight vessel containing the 
liquid is supplied with an air chamber in which 
air is compressed by a pump, so that as it passes 
out of the nozzle the liquid is formed into a fine 
spray. Occasionally, as in the Strawsonizer, the 
liquid is broken up by means of a strong blast 



which impinges upon it as it is fed out. The 
finest spray is made iu this way, 2 gal. of paraffin 
being made to form a complete film over an 




Fig. 1. — Four Oaks Knapsack Sprayer 

acre. In this, rubber, which is quickly destroyed 
by paraffin when used in other forms of machine, 
is not required. Sprayers may be classified as 
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hand syringes, knapsack, portable or wheeled 
with hand-pump attachment ; horse-drawn cart 
with hand pump ; horse-drawn machine with 
geared pump ; horse-drawn machine with petrol- 
driven pump and air blast. 

Syringes are squirts with variously shaped 
nozzles, suitable only where small areas are 
treated. The knapsack is suitable where a 
moderate area is to be treated. Until recent 
years a diaphragm pump was exclusively used ; 
but recently machines having a small pump 
fitted to the outside of the container, with an 
outside air chamber, as in the Four Oaks Sprayer, 
have been introduced, and though rather more 
expensive, are more effective and in all ways 
better than the diaphragm. No stirrer is needed, 
as at each stroke a jet is forced from the bottom, 
so there is no inside attachment. 

The recognition of the value of spraying with 
a solution of sulphate of copper to destroy char- 
lock, and with the Bordeaux mixture or its 
equivalent to prevent potato disease, called for 
machines capable of dealing with a big area. 
This was met by Swanson's machine, which 
worked a series of nozzles connected by rubber 
tubing, through which the solution is forced, a 
pump being worked either by hand, as when the 
barrel or container is placed in a cart, or fi-om 



gearing where a self-contained machine is used. 
Charlock spraying and potato spraj-ing can be 
performed by the same outfit ; but where the 
latter is done, the nozzles are fitted to fauces 
suitably contrived to allow the spray to be 
driven upwards between the rows of potatoes. 
In working these machines a pace from 2 to 
2^ miles an hour is most suitable, and uneven 
paces should be avoided. Fruit-spraying ma- 
chines are required to be able to deal with 
thicker solutions as well as with thin solutions. 
The same machines are used for lime-washing 
buildings, &c. (see Lime -washing Machine). 
For hops, specially long tubing is necessary (see 
Hop-growing Machinery). [w. j. m.] 

Spraying. — Although the spraying of hops 
for the destruction of the aphis has "been carried 
on more or less extensively for a great number 
of years, that of potatoes, charlock, and fruit 
is of comparatively recent introduction in this 
country. Even in the case of hops the opera- 
tion has increased greatly in prevalence and 
persistency. Quassia extract and soft soap are 
still the ingredients of the wash most commonly 
applied to hops, although there are numerous 
proprietary mixtures which are used to a con- 
siderable extent. Powerful machines, worked 
by horse or steam power, are commonly used 
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in the spraying of hops. Sulphuring for the 
prevention of mould is equally necessary in 
most seasons. 

The spraying of potatoes with Bordeaux mix- 
ture, consisting of copper sulphate and lime, is 
a modern practice. The mixture was first used 
for vines in France, and it was not till 1888 that 
M. Girard began to experiment with it for the 
prevention of the common potato disease, Pky- 
tophthora infestans, while it was about twelve 
years later before the remedy was introduced 
in England. For potatoes the constituents are 
20 lb. of copper sulphate and 10 lb. to 20 lb. of 
quicklime to 100 gal. of water. Special machines 
for distributing the mixture were brought out 
some 3'ears ago by Mr. G. F. Strawson, of Queen 
Victoria Street, London, one as an attachment 
to a farm cart, and another as an independent 
machine. At least two spraj'ings are desirable, 
and the first should be applied as soon as the 
crop has gone off blossom, while the second may 
take place two or three weeks later. The mix- 
ture is not a complete preventive, but it reduces 
the extent of the disease. 

The value of copper sulphate for the destruc- 
tion of charlock was discovered by accident in 
France. Some spare solution of it or of Boi-- 
deaux mi.xture used for vines, was thrown on 
the ground where some charlock and other 
weeds happened to be growing. These, or some 
of them, weie turned black and killed by the 
solution, and it was then suggested that, if it 
proved harmless to corn crops, charlock grow- 
ing among them might be destroyed. In 1898 
a public trial of spraj'ing charlock with a solu- 
tion of copper sulphate alone was conducted by 
Mr. Strawson near Chelmsford. It proved suc- 
cessful, as also did subsequent trials, and the 
practice of spraying fields of corn infested with 
the troublesome weed speedily became common. 
A 3-per-cent solution, that is, 30 lb. of copper 
sulphate to 100 gal. of water, has been generally 
used, but some prefer a 4- or even a 5-per-cent ; 
and it was found that when properly sprayed 
in the form of a fine mist, so as to cover every 
leaf of the weed, 50 gal. per acre are sufficient. 
See art. Mustard Weeds. 

Even more remarkable than the progress of 
spraying against potato disease and charlock is 
the application of the operation to fruit crops. 
It was systematically practised in the United 
iStates long before it was tried to any consider- 
able extent in this country. The work of the 
late Miss Ormerod, by calling attention to 
remedies for the great damage done to fruit 
trees and bushes by certain insects, was largely 
instrumental in extending the operation of 
spraying in our fruit plantations. More recently 
the publication of the results of experiments 
carried out at Woburn by the Duke of Bed- 
ford and Mr. Spencer Pickering has further 
extended it. As evidence of the rapid progress 
made in this direction, it is enough to state that 
for one firm offering various kinds of spraying 
materials in 190.5, there were at least a dozen 
candidates for the custom of fruit growers in 
1910. Similarly there has been a great increase 
in the pioduction of spraying machines in differ- 
ent forms. 



A description of a season's spraying campaign 
as pursued by an up-to-date fruit grower will 
be the most convenient method of noticing the 
operations carried on for vaiious purposes. Ex- 
cept when the plan of spraying apple trees for 
the destruction of egg-laying aphides is carried 
out in the autumn, the first operation may be 
said to be that of spraying gooseberry bushes 
and possibly plum trees with a lime-ancl-sulphur 
wash, to prevent birds from eating the buds. If 
lain washes the stuff off, the opei-ation may have 
to be done a second time. Next there is spray- 
ing apple trees with some caustic wash, either 
in February or later, to destroy moss and lichen, 
to kill woolly aphis and various hibernating 
insects, and if possible to destroy eggs. The 
possibility of destroying the eggs of insects by 
any wash known at present is denied by some 
authorities ; but some fruit growers claim that 
they have prevented infestation by the apple 
sucker {Psylla mali) and the aphis by means of 
a lime-and-salt mixture. A wash to be applied 
when trees are dormant, in February for choice, 
is one composed of lime, sulphur, and caustic 
soda, which is effective for all the purposes just 
named, with the possible exception of the de- 
struction of eggs, while it has the further advan- 
tage of acting to some extent as a preventive to 
scab. For the last-named pest alone, however, 
a weak solution of copper sulphate, 4 lb. to 100 
gal, applied shortly before the buds burst, is 
more certain to prove effective. Caustic washes 
are not commonly applied to plum trees ; but if 
the lime-and-sulphur wash, without caustic soda, 
should not be needed to prevent birds from eat- 
ing the buds, it may still be valuable for plum 
trees as a preventive to certain fungus diseases. 

As soon as an}' aphides are noticed on apples 
or plums, one of the numerous washes for their 
destruction should be promptly used ; for when 
the leaves have curled over the pests, they are 
piotected from any application to a great extent. 
Various nicotine or paraffin preparations are 
now sold for this purpose, but it is questionable 
whether any of them are superior to the old 
mixture of quassia and soft soap. When there is 
a bad infestation, spraying for aphis has to be 
repeated two or three times. The same opera- 
tion is destructive to the apple sucker, which, 
like the aphis, can be killed only by contact, as 
no poison affects the food of a sucking insect, 
which is the sap of the infested tree. 

When the blossom of apples has fallen, spray- 
ing with a poison, lead arsenate for choice, is 
important, to kill the larvie of the codlin moth 
and various leaf-eating caterpillars. With this 
wash it is now usual to combine Bordeau.x mix- 
tui'e, as a preventive to scab. For fruit it is 
important to avoid a strong Bordeaux mixture, 
as the foliage is liable to be scorched thereby. 
Not more than 8 lb. of copper sulphate, with 
lime to neutralize the acidity, should be used, 
at least when the foliage is tender, and 6 lb. 
would be safer. Usually the application has to 
be repeated about a fortnight later, or, if cater- 
pillars are not then troublesome, Bordeaux mix- 
ture will be needed for scab, where that highly 
destructive disease is prevalent. Indeed, where 
it is bad among apples oi' pears, a third spray- 
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ing is to be recommended. Brown rot {Sclero- 
tinia fructigeixa) and powdery mildew {Uphcero- 
theca mall) among apples will be encountered 
also by these sprayings against scab. For brown 
rot among plums and cherries a similarly weak 
Boi'deaux mixture should be used. For aphis 
on currants, the spraying referred to in connec- 
tion with apples and plums will serve equally. 

It is important to bear in mind that in spray- 
ing Bordeaux mixture and poisonous washes a 
very fine mist should be aimed at, avoiding such 
a drenching as would make the trees drip. In 
treatment for aphis or apple sucker, on the 
other hand, a thorough drenching is desirable, 
and in the application of a winter wash every 
part of a tree or bush should be well wetted. 

[w. E. B.] 

Springbuck, or Springbok {Antidorcas 
marsupialis), a genus of South African ante- 
lopes closely related to the gazelles, but dis- 
tinguished from them by the suppression of the 
anterior lower premolar, so that there are only 
two instead of three of these teeth in the man- 
dible, by the reduction in size of the correspond- 
ing upper premolar, and by the presence on the 
hinder part of the back of a conspicuous white 
blaze susceptible of being displayed or concealed 
at will. Horns are present in both sexes, and 
are much smaller in the female than in the 
male, being lyrate with incurved points in the 
latter, and averaging about 15 in. in length. 
The general colour is brown or sandy-fawn on 
the neck, body, and outsides of the limbs ; the 
belly, rump, and tail, with the exception of the 
black tuft, being white. The white of the rump, 
which is continuous over the croup with the 
dorsal blaze, is margined with dark-brown, and 
a conspicuous broad dark-brown stripe similarly 
borders the white pervading the belly. The 
face also is mostly white in the adult, but a 
brown stripe extends on each side from the 
horn across the eye to the corner of the mouth, 
and there is a larger or smaller brown band on 
the forehead and nose, which becomes reduced 
in extent with advance of age. The height is a 
little over 30 in. The period of gestation is 
nearly six months, and the young, one or two 
in number, are born in November. The Spring- 
buck is the onl}' member of the gazelline group 
which occurs in Africa south of the Zambesi, 
where it is still met with in the arid districts 
of the Transvaal, the Orange River Colony, Be- 
chuanaland, German South-west Africa, thence 
northwards to Mossamedes, and in Cape Colony 
from Namaqualand in the west to Queenstown 
in the east, and as far south as the Zwartberg 
ranges forming the southern boundary of the 
Karoo. The scientihc name marsupialis was 
given to this species in allusion to the presence 
of the dilatable fold or pouch of skin which, 
when spread, constitutes the dorsal 'blaze' so 
characteristic of this animal ; and the popular 
name Springbuck is derived from its habit, 
when playful or disturbed, of leaping high into 
the air, as it moves away, with head bent down, 
back curved, and legs held extended, stiff and 
close together, bounding from the ground to 
a height of 10 or 12 ft., as if its legs were 
resilient steel springs, and covering without 



the least appearance of effort a distance of 7 
or more yards. In former years these buck 
occurred in herds consisting literally of hun- 
dreds of thousands of individuals ; but although 
their numbers have been greatly reduced since 
the introduction of firearn)S into South Africa, 
they still exist in vast multitudes. A portion 
of a migrating herd was computed in 1896 to be 
composed of at least 500,000 animals. It is for 
their remarkable migratory habits that Spring- 
buck are most notorious. Vast hordes of these 
antelopes, or trek hokken as they are then called, 
periodically pour down into the fertile districts 
of Cape Colony, destroying every blade of grass 
or growing corn in their onward march, devas- 
tating wide tracts of country and inflicting 
incalculable loss upon farmers. [r. i. p.] 

Spring Cultivation. — This expression is 
often employed in contradistinction to autumn 
cultivation, and in such cases refers to the pre- 
paration of land for roots. This, indeed, seems 
to be the sense in which it is generally under- 
stood ; but it has also a wider significance, and 
may include the cultivation of spring corn, or 
of clover and grass seeds. In the following 
remarks the former aspect is chosen, and it 
alone will be discussed pro and con. Spring 
cultivation has alwa3'S been general, but most 
writers exhibit a preference for autumn cultiva- 
tion to the partial exclusion of spring tillages. 
Much depends upon the class of land to be 
operated upon, and all medium soils may be 
cultivated in spring without incurring the risks 
of either depriving them of moisture or of pro- 
ducing a hard and intractable surface. The 
objections to the system are most evident upon 
very heavy and very light land, and on such 
soils a more thorough pulverization in the one 
case, and a better conservation of moisture in 
the other, are effected by autumnal cultivations. 
Much also depends upon the period at which 
the work is performed, for winter ploughing 
may be carried on up to the end of February, 
without producing any ill effects ; and March 
frosts are often relied upon to produce a tilth. 
The objections to spring cultivation are chief!}' 
confined to late ploughing, after which drought 
may rob the land of its moisture, or produce 
a cloddy surface, difficult to reduce to the 
necessary fine condition for root sowing. The 
sj'stem of deep ploughing in autumn has been 
highly recommended, to avoid the above evils; 
and spring cultivation for roots should, it is 
thought, as far as possible, be confined to the 
use of cultivators, grubbers, rollers, and har- 
rows. This is no doubt sound teaching, but 
most farmers, in spite of all that has been 
advanced on the subject, cling to the plough 
as the most thorough form of cultivating im- 
plement, even in spring. The writer will never 
forget the dictum of a Merse farmer in Ber- 
wickshire. ' Some ', he said, ' use the cultivator 
and grow thistles!' Again, an Essex agricul- 
turist once remarked: 'If you don't plough, 
you lose mould'. A via media is probably the 
best, and may be summed up as follows. Late 
spring ploughing is often injurious to the future 
root crop, both on heavy and light soils ; and 
frequent ploughings in spring are bad. On the 
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other hand, one extra ploughing in late winter 
or early spring is good farming, and afterwards 
the land is better allowed to ' gather moisture ' 
by capillary attraction from the air and the 
subsoil, while the surface is mellowed and pul- 
verized by atmospheric changes. It will be 
seen that the conti'oversy as to spring cultiva- 
tion for roots is chiefly centred ai-ound the use 
of the plough ; and this is due to the plough 
alone of all cultivating implements inverting 
the soil, thereby burying the fine surface pro- 
duced by frost, and promoting evaporation of 
the soil moisture. [j. wr.] 

Springs. See Water, Underground. 

Spring-tails, a group of apterous insects 
which, on account of their skipping motion, are 
called Spring- tails. See art. (Jollembola. 

Spring Wheat. See Wheat. 

Spruce (Picea) is a genus of the Abietine^ 
tribe of the nat. ord. Conifei-;e. It is an ever- 
green tree with single leaves ranged spirally 
around the twigs and persistent for several 
years, and with cones ripening in the yeai' of 
flowering. Hemlock is the genus having the 
closest affinity and resemblance to Spruce; and 
in both the older defoliated twigs are rough 
with prominent leaf-scars, and the seed-bracts 
are short and completely hidden by the cone- 
.scales. But in Spruce the leaves are sessile, 
■2- or 4-sided with two lateral resin-ducts, and 
ranged along the upper and under sides, and 
the cones are usually large; while in Hemlock 
the leaves are petiolated, 2 - sided with one 
resin-duct running along the back of the leaf, 
and the cones are usually very small. Spruce is 
easily distinguishable from Pine by its smooth 
red-brown bai'k, its pyramidal form, its foliage, 
its cones, its thinner and mo:'e elastic branches, 
and its growth in closer canopy. Only one 
species of Spruce is indigenous to Europe, the 
Common or Norway Spruce (P. excelsa), intro- 
duced into Britain about 1.548 ; while other 
species found here include the Menzies or Sitka 
{P. Sitchensis), introduced in 1831, the White 
{P. alba), the Blue or Prickly (P. pungeiis), and 
the Black {P. nigra), from North America, the 
Himalayan {P. Moi-inda) from India, the Sapin- 
dus {P. orientalis) from Asia Minor, and AI- 
cock's {P. Alcoquiana) from Japan. Of these 
only the Common and the Menzies Spruce are 
ever likely to prove profitable in British wood- 
lands ; and the Common species seems to deserve 
the preference, though the Menzies is the more 
rapid in growth during the first five or six years 
after planting. They are easily distinguishable, 
as the Menzies Spruce has shorter and lighter- 
coloured foliage, which is shed in the second 
year; while the Common Spruce has thicker 
and darker green foliage, which persists from 
four to six years (according to the soil and the 
situation), and larger cones. Its finest develop- 
ment is on the mountains of Northern Germany, 
north of the Silver Fir region, and it forms 
large pure forests in Scandinavia and Russia. 
It grows well and rapidly in Britain, and espe- 
cially in the cool damp climate of the West of 
Scotland; but unless kept in close cover the 
side branches form large knots depreciating the 
value of the timber. Grown in an isolated posi- 



tion it remains clothed with foliage down to 
the ground, and forms a very picturesque object. 
At Studley Royal (Yorkshire) a specimen mea- 
sured 132 ft. high and \2h ft. in girth in 1891. 
The wood is white, soft and light, much resem- 
bling that of the Silver Fir, though slightly 
yellower in colour. It does not take creosote 
well. It is largely imported fiom the Baltic as 
' White Deal ' (in contradistinction to the ' Red 
Deal' of Scots Pine). Both in Europe and in 
America Spruce is now the chief wood used for 
making pulp and cellulose ; but only smooth, 
closely-grown poles, free from knots, can thus 
be utilized. In Germany it is considered one 
of the most profitable timber crops that can be 
grown ; and there it is generally worked with 
a rotation of from 80 to 100 years. It is a 
shallow-rooting tree, suitable for planting on 
a fresh or moist soil too sliallow for other firs 
or for pines; but it thrives best on a sandy 
loam. Judging from the diminishing supplies 
of this useful tree in easily accessible localities, 
and the growing demand for its timber as pulp 
wood and for constructive purposes, it should 
probably prove one of the most profitable trees 
to grow in lai-ge masses in the hilly tracts of 
Britain. Though shallow-rooting, Spruce can 
stand well against storms if the outer edge of 
the wood has free room to develop towards the 
windward side. It therefore makes a good wind- 
screen or protective fringe in hilly tracts with 
soil suiting it (though White Spruce is in some 
cases preferable). Spruce produces seed freely 
every two or three years from about 30 to 40 
years of age onwards. The cones should be 
gathered in autumn and stored during the 
winter. One pound contains about 64,000 seeds, 
and gives from 30,000 to 40,000 seedlings, which 
are hardy against frost. Transplanted as 2-year 
seedlings, they can be put out at 4 by 4 ft. 
when 2-year-2, or 2-year-3 if large plants are 
needed. Owing to its high crown of thick foli- 
age and its shallow root system it is seldom 
regenerated naturally, clear-felling and replant- 
ing being the usual method of renewing mature 
Spruce woods. At first the Common Spruce is 
not of such rapid growth as Menzies Spruce, 
Larch, or Scots Pine ; but, unless suppressed, 
it catches up and shoots ahead of these last two 
during the early pole-stage of growth. When 
planted along with and suppressed by other 
quicker-growing and light-demanding trees, it 
forms good shelter and cover for game. A 
shade - enduring tree with a conical compact 
crown of foliage, it forms thick woods, though 
the total contents per acre are not so large as 
the yield of the Silver Fir. Unless kept in 
close cover the stem does not clean itself well 
from branches, and the danger of windfall then 
becomes greater. In Britain it seems less suit- 
able for underplanting in Oak and Larch woods 
than Silver Fir or Douglas Fir, although largely 
used thus in Germany. Spruce poles and logs 
should be removed from the woods before the 
end of May, or else barked, otherwise they form 
breeding places for bark-beetles which can easily 
spread to scjund trees, doing much damage and 
being difficult to eradicate. Careful tending is 
necessary at all stages of growth, as Spruce 
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(like Scots Pine) is liable to attack by many 
noxious insects and fungous diseases. In com- 
mon with other conifers, young plantations of 
Spruce are apt to be attacked by the Pine 
weevil {Hylohius ahietU) and the small brown 
weevil {Pisiodes notatus). [l. s.] 

Spruce. — Parasitic Fungi The fol- 
lowing are the more destructive fungi occurring 
on Norway Spruce and other species of Picea. 

Seedling Disease. — Considerable damage 
may be done amongst seedlings, especially if 
the plants are crowded or overgrown with weeds, 
and so kept in a moist condition favourable to 
those fungi which attack seedlings of conifers. 
See Pine — Parasitic Fuxqi. 

Leaf Cast. — Plants, after the seedling stage, 
frequently show premature shedding of leaves 
accompanied by one or other of the following 
fungi. Septoria parasitica attacks the base of 
young shoots so that they hang down and the 
leaves wither. Yellow blotches on the needles 
are caused by Ascomycete fungi (e.g. Lopko- 
dennium macrosporum). Several of the Rust 
fungi also attack the foliage of Spruce, and the 
cluster-cups of other species appear as rust- 
patches on the cone-scales, so that noseed is 
produced. 

Stem Eot. — Agariciis melleus and Trameies 
radiciperda, both of which effect an entrance 
through the roots, are as destructive to Spruce 
as to other conifers. (See Pine — Parasitic 
FuxGi.) The timber may also show white or red 
rot resulting from the activity of wound fungi, 
especially various Polypores. In some localities 
much destruction is caused by stem canker due 
to Nectria mcurbitula, nearly allied to apple 
canker (see art. Timber-destroying Pongi). 

[w. G. s.] 

Sprung Hock. — This malad}', which occa- 
sionally occurs in horses, is treated fully in the 
art. Hock, Sprung. 

Spurge (Euphorbia) is the common name 
for a genus of aunual or perennial weeds be- 
longing to the nat. orcL Euphorbiaceje. All 
the species are poisonous, containing abundance 
of acrid milky juice. The other characteristic 
feature is the three-cornered and three -lobed 
seedvessel rising on a stalk from the middle of 
a green cup in which the stamens are almost 
hidden. The Sun Spurge {Euphorbia helioscopia) 
is a common annual species on light land. It is 
erect and diminutive, only 6 to 12 in. high, with 
serrated leaves 1 to 2 in. long, broad and obtuse 
at the apex and narrow at the base. For ex- 
tirpation, clean cultivation and prevention of 
seeding are effective. The seed of Sun Spurge 
sometimes occurs as an impurity in farm seeds. 
It is recognized by its oval outline, by rolling 
on a smooth surface, by the netted skin, and 
by the white, kidney-shaped, very conspicuous 
scar at its base. [a. n. m'a.] 

Spurrey. — This troublesome weed, so com- 
mon among cereals and root crops, is described 
under its botanical designation Spergula. 

Squash. — This name is given (as also Gourd 
and Pumpkin) to a number of species and varie- 
ties of plants belonging to the Cucumber familj'. 
Being natives of warm climates they cannot be 
sown outdoors in this country till May, and 



they are killed by the first frosts in autumn. 
The Vegetable Marrow is the only Squash gene- 
rally grown in England, but a number of them 
are much esteemed in America, and to a lesser 
degree in France, and they deserve more atten- 
tion from gardeners here. They should be grown 
in holes tilled with manure, with 6 in. of soil 
on top. Extra large fruits are obtained by 
allowing only two or three on each plant to 
develop ; and it is a good plan to regulate the 
growth by pruning, and to throw soil over the 
stem joints here and there, when they will send 
out roots. Some varieties are eaten raw like 
cucumbers, others are cooked in a number of 
ways, notably in the Ameiican form of pies, 
and they have the good quality of keeping for 
a considerable time after being cut. The fol- 
lowing are some of the sorts most deserving of 
cultivation : Canada Crook-neck — excellent for 
the late crop ; the fruits may be preserved till 
the following summer. Egg, Apple, and Orange 
Gourds — these are very ornamental plants when 
grown on poles ; the fruits are eaten in a 
young state. Green-striped Bergen — very hardy, 
and used both in the green and ripe state. 
Harrison's Pumpkin — said to be capable of 
producing 50,000 lb. of fruit per acre. Italian 
Vegetable Marrow — of compact bushlike form ; 
best when eaten in the young green state. 
Mammoth Pumpkin — the fruits of which keep 
well, and have been known to weigh more than 
200 lb. Hubbard Squash — a favourite Ameri- 
can kind; and Winter Crook-neck — very pio- 
lific, and largely grown for autumn and winter 
use. [w. w.l 

Squirrel (Sciurus), arboreal rodents dis- 
tributed all over the world except in the Aus- 
tralian region. The Common Squirrel (S. vid- 
gans) is an active animal with a slender body 
about 8^ in. in length, and a very bushy tail 
which measures nearly as much as the body. 
The fore limbs are shorter than the hind limbs: 
the feet are adapted for climbing; the eyes are 
large and prominent ; the ears are pointed, and 
are usually tufted, the tufts growing very long 
in winter and disappearing for a time in early 
summer. The general colour is reddish-brown 
slightly intermingled with grey on the upper 
parts, and white underneath. The squirrel is 
now faiily common in wooded districts thiough- 
out the greater part of Britain, but towards 
the end of the 18th century it had apparently 
become extinct over a large part of Scotland. 
Towards the middle of the 19th century it 
reappeared in Sutherlandshire, and with the 
planting of young timber soon spread to the 
neighbouring counties and multiplied rapidly. 
The squirrel makes 'the best nest of any mam- 
mal'. It has a foundation of sticks, on which 
is placed the nest proper, made of moss, grasses, 
leaves, curiously interwoven. A sloping roof 
affords protection from rain, and the main en- 
trance is usually directed downwards. Three 
to seven young ones about the size of mice are 
born early in April. They are blind and help- 
less at birth, but are able to leave the nest 
within a fortnight. A second litter may be 
born in June, and the whole family is said to 
keep together throughout the summer. 
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The food of the squirrel consists mainly of 
nuts, acorns, beech mast, and unfortunately also 
the bark of young branches and tree-tops. It 
is, however, not exclusively vegetarian, for it 
eats beetles and grubs, and plunders birds' 
nests, devouring both eggs and young birds. 
Though it becomes drowsy in cold weather, it 
does not hibernate completel)', but comes out 
frequently to feed on the stores of nuts and 
the like which it has hidden in different places. 
The squirrel is very destructive to woodlands 
(see succeeding article). On the other hand, 
the squirrels are a most effective check to the 
excessive multiplication of wood pigeons. The 
fur of the squirrel is used for lining cloaks, for 
making ' camel's-hair ' brushes, &c. [j. a. t.] 

Squirrels — Damage to Woodlands. 
— Squirrels may do very serious damage, and 
especially in coniferous woods. They feed on 
most kinds of tree seeds, but are particularly 
fond of acorns, and beech and hazel nuts ; they 
eat the flowering buds of Oak, Beech, Maple, 
Sycamore, and Conifers in late winter ; and in 
summer and autumn pick cones to pieces, even 
before these are ripe, to suck the juice and eat 
the seeds. Hence seed production is poor wher- 
ever squirrels are numerous. But the greatest 
damage they do is when, during spring and 
summer, they seat themselves on the branch 
whorls of conifer poles or trees and gnaw the 
soft bark, often completely girdling the stem, 
which then dies, rots, and ultimately falls off. 
In the North of Scotland so much damage of 
this sort has been done, especially in Scots Pine 
and Larch woods, that the landowners in Ross, 
Cromarty, and neighbourhood had to form squir- 
rel clubs for shooting and trying to exterminate 
this pretty, but excessively destructive pest ; 
and over 15,000 were shot within five or six 
years. They are very destructive in some parts 
of Ireland, where they are said to have been 
introduced about fifty years ago by two boys 
letting loose a pair given to them as pets. Trap- 
ping is less effective than shooting, and the best 
time for this is during the nesting time in May, 
when a charge of small shot will kill both mother 
and brood. Where squirrel raids are not per- 
mitted during the nesting season, the best time 
for shooting them is in February, before the 
game birds begin to lay. [j. n.] 

Stable. — The position of the stable should 
be carefully considered with relation to the 
cart shed, the straw barn, and immediate access 
to the main roads. The height of the walls 
should in no case be less than 8 ft., and 9 ft. 
is preferable in order to give sufficient head- 
room at doors and windows. The width of 
stable should in no case be less than 18 ft. in- 
side, and each stall should be not less than 6 ft. 
wide. The inside walls should be smoothly 
plastered with cement. The roof is usually con- 
structed of the ordinary rafter and tie couples, 
set at 18-in. centres, and covered with 7 in. by 
f in. unchecked sarking, and slated with slates, 
which should all be of the same size, colour, 
thickness, and quality. The roof should always 
have rhones or eaves gutters to conduct the 
roof water by means of iron conductors to the 
drains. Instead of the usual style of couple 



roof, one may be formed with main or principal 
rafters set about 8 or 9 ft. apart, and measur- 
ing 9 in. by 2| in. for the ordinary width of 
stable, with 5 in. by 2^ in. purlins. The sarking 
is then put vertically on the purlins, and should 
measure not less than 1|- in. thick. This thick- 
ness is a great advantage, because the galvanized 
slate nails do not project through the sarking, 
and do not therefore rust owing to the foul air 
from the stable below. 

If the ventilation to be put in the ridge is 
of the nature of a ventilator opening the whole 
length of stable, the top purlin on each side 
of the roof will be kept down a little from the 
apex, and the sarking will also be stopped short 
of the apex. 

All the woodwork of the roof where seen in 
the stable should be clean dressed and then 
varnished, and the ironwork should be painted. 
This greatly increases the ' life ' of the roof. 

The roof should have a sufficient number of 
roof -lights. These roof-lights should all be made 
to raise or lower at will. 

As regards the floor, the old system of cause- 
waying with stones is now out of date. Cement 
floors will not stand the heavy tread and the 
kicking of farm horses. The back part or pass- 
age behind the horses may be laid with con- 
ciete 41 in. thick, finished with \h in. thick of 
cement on top, all having a 6-in. layer of broken 
stones beneath. This cement floor might also be 
put below the manger for about 2 ft. wide. For 
the stall proper, where the horse stands, the 
ground should be excavated to a depth of about 
18 in., and then have the two layers of stones 
and of concrete as above, without the IJ-in. 
cement layer. The layer of concrete is laid to 
the proper levels and then receives a coating of 
fine sand about J in. deep. Stone ' setts' of hard 
granite or whinstone, measuring 9 in. by 4 in. 
by 6 in. deep, should then be laid on this bed of 
sand. The joints must be fully grouted with 
cement mortar. The urine channel is laid in 
the same way, but with a slight hollow, about 
2 in. to 3 in. deep, and not less than 12 in. wide. 

The oldfashioned under-floor drains are now 
being dispensed with, and all urine is run to an 
outside drain wherever possible. 

As to ventilating a stable, fresh -air inlets 
should be provided both in the front and in 
the back wall, formed with fireclay pipes cut to 
the exact thickness of the walls. In the wall at 
the horses' heads, these must be placed above 
the level of the horses' heads ; but they may be 
placed at the floor level in the other wall, if 
it is desired to bring in fresh air where it 
should, theoretically, be admitted. To exhaust 
the vitiated air, ventilators must be placed in 
the ridge. No perfect ridge ventilator has yet 
been discovered. If servants could be relied 
on to attend to the ventilation in a regular- 
manner, those ventilators that can be opened 
and shut as and when required are certainly to 
be preferred. But until we can secure that at- 
tention, then it seems necessary to have a venti- 
lator that is always open and acting, and at the 
same time does not admit any draughts or snow 
or rain. 

Ti'avises may be made entirely of wood, viz. 



104 



Stack-building — Stack Covers 



wooden heelposts, foreposts, and planking ; or 
the heelposts and the top and bottom ramp-rails 
may be of iron, with the planking only of wood. 

The mangers are sometimes made with open 
spars for whole hay, with a fireclay feeding 
trough. Very often the manger is made close, 
like a box, in order to hold chaffed food, now 
so commonly given to horses. The height in 
either ease from floor should be not less than 
3 ft. to 3 ft. 3 in. Water pots should also be 
included. These are fed from a small cistern 
placed at the same level as the pots, with a 
ball-cock to regulate the flow of water. 

Hay racks above the horses' heads should 
never be allowed. They destroy the eyesight 
of the horses by the dust and dirt dropping 
into their eyes. A hay loft above a stable is 
also to be very much deprecated. It interferes 
with the stable ventilation, and hay as a rule 
will not keep so well in a loft above a stable. 

Doors to stables should always be wide and 
lofty— say 4 ft. 6 in. wide by 8 ft. high. The 
sliding door is preferable to the hinged door. 
The former works very easily if fitted up with 
' Coburn ' patent pulleys and iron sliding rails. 

Besides the roof-lights, a stable should have as 
many side-wall windows as possible. A stable 
cannot be too well lighted. The lower part of 
the windows may be made to act as ventilators. 
A few recesses with shelves might also be put 
in a stable or in the harness room. The har- 
ness should not be hung in the stable, except 
perhaps at the midday meal, but should be 
placed in a properly constructed harness room, 
well aired, lighted, and heated by a fireplace. 
All harness fittings are best of wood and not 
of iron. The latter rusts and destroys the 
leather. Corn chests should be also placed in 
the harness room, out of reach of any horse that 
may happen to break loose. These chests can 
be obtained in great variety, of galvanized iron. 
A chest should be provided for every pair of 
horses, and have a lock and key attached to it. 

[c. w. s.] 

Stack- building. — In the midland and 
southern counties of England, very wide stacks, 
either round or oblong, are usually built, be- 
cause there the straw is generally more fully 
ripened and much drier at stacking time than 
in the north. Farther north, with a damper 
climate and softer straw, the size is limited by 
the condition of the crop at stacking time, and 
the stacks are usually made as large as they can 
be, short of causing heating. 

Whether in the regular stackyard or in the 
field, stack bottoms should be slightly raised 
above the ordinary level of the ground by the 
earth from the intervening spaces being thrown 
on to them, after which the site of the stack 
should be further raised by placing on it old 
wood, branches of trees, old bricks, tiles, stones, 
&c. On the top of these, any old dry straw 
which may be available should be placed, so 
as to prevent as far as possible the damp from 
rising to the grain. Stack-stands made of iron 
or wood are also frequently employed (see 
art. Staddles). Whether the stack is large 
or small, scjuare, oblong, or round, it should 
always be begun by setting up a stook in the 



middle. Around this the sheaves should be 
built, keeping the heads well up at first, and 
allowing the sheaves to become flatter as the 
outside is reached. The sheaves near the centre, 
though placed in an almost upright position 
when building begins, gradually get crushed 
down as the weight above increases, until they 
ultimately become quite flat. In building the 
base, care should therefore be taken to keep the 
heads of each succeeding row of sheaves well 
above the bands of the preceding one. If this 
is done there will usually be sufficient straw 
below the head of each sheaf to prevent damage 
to the grain. 

As soon as the bottom of the stack has been 
quite covered with sheaves, one or more rows 
should be put in the centre, according to the 
size of the stack. These are called 'hearting' 
sheaves, and are put in for two purposes : first, 
to keep up the centre of the stack; and second, 
to hold the stack together and prevent the 
outer row of sheaves from slipping out. Unless 
the centre of the stack is kept well up when 
being built, it will be lower than the outside 
when consolidated. When this happens, rain 
which falls on the ends of the outside row of 
sheaves runs right into the stack instead of off 
it, as it should do if the heads of the sheaves 
and the centre of the stack are kept sufficiently 
well filled up. After every outside row of 
sheaves has been built, the centre should be 
well filled up before another row is begun. 

In building stacks in the southern counties 
of England three or four sheaves in depth are 
usually placed in position at one time, but in 
Scotland every course of one sheaf thick is com- 
pleted and hearted before a second one is begun. 
In the north the sides of the stack project very 
little beyond the perpendicular, whereas in the 
south the eaves often project 1 or 2 ft. over 
the base. In the south the top or roof of the 
stack is usually made very much steeper than it 
is in the north, the reason being, that although 
the annual rainfall is less, more rain usually falls 
in a shorter time. By keeping the roof steep, the 
rain runs off very much quicker, whereas with 
the same thatch on a flat roof, a portion of it 
might run through and cause damage. 

Where grain contains a considerable propor- 
tion of clover or ryegrass, or in districts that 
are late or sheltered, it is often very difiicult 
to get the crop sufficiently dry to keep in even 
a small stack. In such circumstances three poles 
10 to 12 ft. long may be set up in the centre 
of the stack in the shape of a triangle, and the 
sheaves built round about these. This in some 
places is called a bossing, and assists very ma- 
terially in preventing overheating with grain 
in indifferent condition. [j. s.] 

Stack Covers are used to protect stacks 
from rain whilst in the course of construction. 
The essential part of a cover is a big sheet, 
which may be used with or without pole sup- 
ports. It is preferable, not only for the effi- 
ciency of the covering, but for the preservation 
of the cover, that it be carried on poles. For 
this purpose two tall poles or masts are set 
up, one at either end of the stack, previously 
to commencing building. The poles should be 
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firmly let into the ground, and must then be 
effectively stayed by guy ropes. A swinging 
beam is laid between the poles, and the cloth 
is suspended over it. The beam is secured at 
either end by ropes which pass over pulleys, 
which allow the beam and cloth to be raised 
and lowered at will. A rick cover should be 
rather larger than the stack it has to pi'otect, 
and should be kept free from holes. 

[w. J. M.] 

Stacking Machinery. See Haymak- 
ing Machinery; Elevator. 

Stack - stands. See Stackyards and 
Staddlbs. 

Stackyard. — No modern homestead is 
complete without a suitable stackyard. To 
secure this, several conditions are essential. 
The site should be as convenient as possible to 
the farm buildings, although it need not be 
immediately adjacent to them. Wet, low-lying 
situations should be avoided: the wetness ren- 
ders the surface easil}' cut up by cart or by 
wagon wheels, and perhaps impassable by port- 
able threshing machines ; while, if low-lying, 
the ventilation is apt to be insufficient for the 
completion of the di-ying of the crops after they 
have been stacked. Neither must the site 
chosen be too much exposed, otherwise the 
various operations of stack-building, thatching, 
threshing, &c., are likely to be fiequently 
carried on under very unfavourable and exact- 
ing conditions. As a rule, the best exposure is 
to the north-west, north, or north-east wind ; 
and this has the incidental advantage of pro- 
viding some shelter to the farm buildings. 
The ground selected should be level, dry, and 
thoroughly underdrained. It is also necessary 
to have a good, firm, dry foundation, not so 
much for the stacks themselves as for the heavy 
tiaffic it will have to carry. The surface layeis 
of soil should be removed to get down to the 
harder subsoil, a 2- to 3-ft. layer of large broken 
stones laid down, then a thin layer of smaller 
stones, and lastly a covering of gravel. Such 
a foundation not only ensures good drainage, 
but also a good firm surface even in wet weather. 
The best means of enclosing a stackyard is a 
substantial 4j- to 5-ft. stone-and-lime wall. A 
thorn hedge makes an effective fence, but if 
vermin happen to get a footing amongst its 
roots they are difficult to exterminate. A gate 
at least 12 ft. wide should be provided at the 
most convenient place for entrance and exit. 

The size of the stackyard required depends 
mainly upon the rotation adopted and upon the 
size of stacks to be built. Generally a rectan- 
gular shape will be most convenient, with one 
of the narrower ends at right angles to the 
direction of the most prevalent wind. 

The arrangement of the stacks within the 
yard will be conditioned by the method of 
threshing to be adopted. If threshing is to be 
done by the farmer's stationary machine, the 
rows of stacks can be placed contiguous to one 
another without any roadways between ; while 
if a portable threshing machine is to be em- 
ployed, the rows must be so arranged as to 
allow the threshing mill to be brought within 
easy reach for forking the sheaves from the 



stacks on to the mill ; and in the latter case, space 
must always be reserved for the beginning of 
the straw stack at threshing. The stacks may 
be placed about 3 ft. apart, with i-oadways about 
18 ft. wide, if such are required. 

The foundation or ' bottom ' of the stack is of 
great importance. Kick stands, wooden or iron, 
are now in common use, and these act partly 
as ventilators and partly as protection against 
vermin. Failing these, a 1-ft. layer of large 
stones proves an efl'ective substitute, while for 
temporary foundations nothing suits better than 
a layer of large branches overlaid with some 
dry, second-rate straw or cuttings from hedge- 
rows, [j. w. j 

Staddies, or Steddies, are raised frame- 
works on which corn is stacked. The object is 
to raise the stacks from the ground on pillars 
up which rats and mice cannot climb ; and to 
provide all round ventilation to the stacks. 
They may have any shape, but are usually 
round or parallelograms. The pillars are made 
of iron or stone, and are provided with caps 
or heads somewhat mushroom-shaped, so that 
vermin climbing the pillars are unable to get 
into the stacks. The framework is sometimes 
of iron and sometimes of wood. [w. .j. m.] 

Stag Beetle. — This ferocious -looking in- 
sect, commonly found in woodlands, is described 
under Lucanium cervus. 

Staggers. — The imperfect co-ordination of 
the voluntary muscles commonly spoken of as 
staggers in horses and in sheep has its origin in 
several causes. Staggering or trembling is one 
of the prominent symptoms of louping ill (which 
see), and from this well-recognized sign is in 
many districts better known as sheep staggers. 
The presence of hydatids or the intermediate 
form of tapeworm in the brain of sheep pro- 
duces staggers, and a spinning round ending in 
a fall, and speedy restoration to consciousness 
(see Gid). More frequent in sheep, it is never- 
theless the cause of staggers in cattle and 
horses, hill ponies sharing the same conditions 
as sheep being most often the subjects. Dis- 
eases affecting the brain and spinal cord where- 
by undue pressure is exerted on a certain por- 
tion, or the normal pressure of the fluid is 
absent, result in a staggering gait or in vary- 
ing degrees of paralysis; the inability to walk 
straight, or to turn short, or the swaying to 
one side being generally described as staggers. 
Disturbances of the cerebral functions due to 
suppressed sexual desire, to constipation and 
indigestion, to heart failure, diseased blood- 
vessels, tumours in the brain, injuries to the 
vertebrae causing pressure upon the spinal cord 
— any of these derangements may cause stagger- 
ing ; and it is important to ascertain the cause, 
and not attribute staggers to any one special 
malady which may be known to be prevalent 
in a district. The staggers caused by pressure 
of hydatids we have already described ; but that 
more gener-ally known as sheep staggers is dis- 
tinguished from gid or sturdy by the early 
symptom of erecting the head, wild vacant 
staring of the eyes, and the jerky uncertaiir 
gait which in man would be attributed to alco- 
holism. The animal falls, is convulsed, para- 
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lysed, and dies ; or lingers a few days and 
slowly recovers. This form of staggers is now 
believed to be transmitted through the agency 
of ticks ; and on such land a dressing of half a 
ton of crushed rock salt to the acre has proved 
most effective in eradicating the disease from 
several districts. The coarse grass is cut in 
autumn and allowed to rot — a practice which 
appears to destroy nymphs and has manurial 
value for the following season. Staggering 
should always be regarded as a grave symptom 
in horses, as they may be attacked while in har- 
ness and become uncontrollable (see Megrims), 
or the loss of control over himself may be due 
to brain tumour or other incurable lesions. Some 
horses stagger and fall over backwards when 
the head is elevated in order to administer a 
draught of medicine, and this has been traced 
to anchylosis of the neck bones and lesions to 
the spinal membranes. Plethoric horses, too 
full of blood and having insufficient exercise, 
appear to suffer from determination of blood 
to the head, and this causes staggering, just as 
the opposite condition of sudden withdrawal of 
blood in large quantity does. Heart failure or 
syncope and certain narcotic poisons induce 
staggering. See Stomach Staggers, [h. l.] 

Stall Feeding^. — The primary reason for 
fattening cattle in stalls is to economize space 
and reduce the capital expenditure on farm 
buildings ; but the advocates of stall feeding 
have several additional arguments in favour of 
the practice, the chief of which are, the possi- 
bility of feeding each animal according to its 
appetite and constitution, and the avoidance of 
bullying and horning which may occur in boxes 
and courts. On the other hand, stall feeding is 
wasteful of litter, produces inferior manure, and 
necessitates periodical grooming if irritation and 
consequent restlessness is to be avoided. Never- 
theless, some of the best bred and most perfectly 
finished cattle are stall-fed. Some feeders have 
both courts and stalls, using the latter for the 
most forward animals, and as they are drafted 
out, filling the stalls with the best cattle from 
the courts. This is an excellent practice, as it 
admits of the use of a finishing ration suitable 
to each bullock. Store and young cattle are 
better in courts than in stalls. The stalls for 
full-grown cattle are of the same size as those 
for dairy cows, but it is not usual to provide 
a travis or partition as in cow stalls. In some 
districts the floor of the stall is a movable 
wooden grid laid on concrete, to save litter, and 
allow the free outflow of urine while maintain- 
ing a dry bed. [r. b. g.] 

Stallion. — In the breeding of horses of all 
kind.s, the selection of the stallion is of the 
utmost importance. Some breeders assert that 
the stallion transmits his characteristics to the 
offspring in a far greater degree than does the 
mare ; but while this is undoubtedly the case 
in many instances, we must not overlook the 
fundamental principle that transmission of for- 
mation or temperament depends largely upon 
the prepotency of the sire or the dam. Given 
a stallion or mare endowed with this gift to a 
marked degree, it is easy to recognize the elfect 
in the offspring, and the value of the parent for 



breeding as a result becomes much enhanced. 
It need hardly be remarked that the aim in 
breeding is to select a stallion particularly strong 
in some point wherein the mare is deficient, in 
expectation that he may transmit this special 
feature ; but here again there can be no guar- 
antee of success, as prepotency in the dam may 
defeat the object in view. In the choice of the 
stallion it is not judicious to be guided alto- 
gether by the conformation ; we must investi- 
gate the pedigree and make sure that for 
several generations back the breeding is correct. 
Many stallions of mixed parentage are endowed 
with good looks, but prove unsatisfactory as 
sires because of the tenaeuc_v such animals com- 
monly possess of breeding back to previous 
ancestors, this being the natural result of the 
different strains of blood in their constitution ; 
the purer the breeding of the sire the less 
chance there is of such reversion. 

The chief characteristics of a stallion irre- 
spective of breeding are size and substance ; a 
bold, strong, masculine head and well-arched 
neck (those possessing effeminate, gelding-like 
heads and necks are frequently unreliable as 
breeders, and have difficulty in settling their 
mares) ; the chest should be deep and the body 
compact, with a short, straight, and powerful 
back ; forearms and thighs muscular, plenty of 
flat bone below the knees and hocks, and the 
joints strong and well-developed. The pasterns 
should have sufficient length and slope, and the 
feet should be large and well-formed. His walk 
should be free and jaunt}-, and the stride long 
and level, while at both the walk and the trot 
the limbs should be kept well under the body 
and the hocks close together, any tendency to 
rotate the limbs or spread the hocks being ob- 
jectionable. 

The popular colours undoubtedly are brown, 
bay, and black, and at the present time the 
flash appearance of plenty of white about the 
limbs is admired, especially in the heavy breeds ; 
still, it is questionable if this attribute is alto- 
gether to be commended on economic grounds. 

Soundness of body, limbs, and constitution, 
and the possession of a well-balanced nervous 
system are most essential. Vice, nervousness, 
and liability to such objectionable diseases as 
stringhalt, roaring, shivering, &c., are in many 
instances markedly hereditarj', and animals so 
affected should on no account be encouraged for 
stud purposes. 

It would undoubtedly be of advantage were 
it made compulsory that no stallions should be 
allowed to beget progeny unless they them- 
selves were free from hereditary disease. Under 
such conditions, it would only be a question of 
time until the standard of soundness of the 
various breeds would be raised to a much more 
satisfactory position than it at present unfor- 
tunately occupies. 

An unsound mare is bad enough, but the 
results of such transmissible defects are con- 
fined to her limited number of progeny ; whereas 
in the case of an unsound stallion serving a large 
number of mares every season, the perpetuation 
of hereditary defects assumes a much more 
serious aspect. [j. R. m'c] 
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Standard. — As applied to trees and other 
plants this term indicates a length of upright 
stem supporting the head, as opposed to the 
dwarf or bush form. Full-standard fruit trees 
have about 6 ft. or 7 ft. of straight stem clear 
of branches, while half standards have 2 ft. to 
4 ft. The advantage of the full-standard form 
is that the fruit is more out of the reach of 
stock, while in the case of half standards it is 
easier to gather. Roses are commonly grown 
as standards by budding the variety desired on 
to tall briers; and numerous other plants, such 
as chr3'santheniums, pelargoniums, heliotrope, 
and rosemaiy, are grown in standard form for 
decorative effect. [w. w.] 

Staphylinus is a genus of Rove-beetles, 
and a small larva, which is presumed to be the 
offspring of some one of the species (possibly 
a Tachyporus), has been detected injuring the 
wheat crops. 

This larva is scarcely j in. long ; the head is 
furnished with strong jaws, feelers, and two 
little antennte ; it has si.x-jointed legs, termi- 
nating in claws ; down the back and sides of 
the body are four rows of spines, being four on 
each segment ; the tail has a fleshy foot, and 
two feelers, composed of four joints, which are 
useful in burrowing. 

In October these larvse attack the green 
wheat, causing the death of the plants by cut- 
ting round the stem with their strong jaws, 
about 1 in. underground; the object being to 
get at the white shoot, which they eat. At 
this early stage of the crop the empty husks 
of the grain remain attached to the roots, and 
into these the larva? retreat when disturbed, 
making them their habitations, and possibly 
cells also, to undergo their transformation in. 

[j. c] [f. v. T.] 

Starch is one of the most important carbo- 
hydrates produced by plants, and constitutes 
the larger part of the dry matter of many crops. 
Starch is deposited in the form of granules with 
concentric layers, and the size and form of these 
granules differ in different plants, but the per- 
centage composition and the chemical nature 
of starch are the same in all. Starch contains 
44'4 per cent of carbon, 6'2 per cent of hydro- 
gen, and 49'4 per cent of oxygen ; thus having 
the hydrogen and oxygen in the same propor- 
tion as in water. Starch is not affected by cold 
water, but when heated in the presence of water 
the granules swell up and burst, forming a jelly 
or paste with the water. This gives a blue colo- 
ration with iodine in the cold water, which is a 
characteristic test for starch. Dry heating con- 
verts starch into dextrin, which is soluble in 
water but does not give the iodine reaction. 
Crude dextrin is largely used as an adhesive 
under the name of British gum. Under the influ- 
ence of certain enzymes, such as diastase, which 
occur in germinating seeds and elsewhere in 
the plant, starch is successively converted into 
dextrin, malt sugar, and grape sugar. These 
form a series of closely-related compounds of 
diminishing complexity, starch and dextrin 
having the same percentage composition, whilst 
malt sugar and grape sugar contain an addi- 
tional quantity of the elements of water. In 



the plant the various enzymes convert staich 
into dextrin, malt sugar, and grape sugar when 
the material is wanted for- the nutrition of the 
cell or is to be transported from cell to cell. 
On the other hand, these simpler molecules are 
built up into starch as a stoiuge product when 
the activities of the leaf in the manufacture of 
carbohydrates proceed more quickly than is 
needed to meet the immediate demands of the 
organism; hence in bright sunlight there is an 
abundant production of starch. 

The value of starch as a food for animals 
depends on the ease with which it is converted 
into grape sugar in the alimentary tract. Ptyalin 
and other enzymes that are secreted as agents 
of digestion efl^ect the hydrolysis of the starch 
as it passes along the alimentary canal, and the 
grape sugar is then absorbed and passes into 
the circulation. In this manner it is carried 
to all parts of the body, and serves to furni.sh 
the muscles and other organs with the needful 
supply of energy. The energy value of starch 
is equal to about 41 kilocalories per grm. In 
other words, the combustion of 1 lb. of starch, 
whether in the body of an animal or elsewhere, 
gives off heat sufficient to raise the tempei'ature 
of 4100 lb. of water 1 deg. C. This heat, it need 
hardly be mentioned, has been derived from 
the sunshine absorbed by the green leaves in 
which the starch was produced. 

Of the ordinary farm crops, potatoes may be 
mentioned as owing their value almost entirely 
to starch, the nitrogenous constituents being in 
very small proportion. The cooking of potatoes, 
which is so desirable when they are fed to cattle, 
pigs, or poultry, serves to burst the starch 
granules and thus render the material more 
amenable to the digestive processes. In the 
cereal grains the starch is of great importance 
also, though accompanied here by valuable pro- 
teins, and in the case of oats and maize by oil 
also. In malting it is the starch which is of 
value for the sugar it provides to undergo the 
alcoholic fermentation. So also if potatoes have 
become unfit for food their starch can be uti- 
lized after its conversion into sugar for the pro- 
duction of alcohol ; and this can be obtained in 
an almost pure condition notwithstanding the 
condition of the raw material. [c. m. l.] 

Starch Value, or Starch Equivalent. 
— The value of a foodstuff or ration for produc- 
tive purposes {e.g. fattening, production of milk, 
&c.) may be very conveniently expressed in 
terms of the weight of some standard nutrient 
to which it is equivalent for the purpose in 
question. The most convenient standard nutri- 
ent to adopt for the purpose is starch, since in 
Kellner's classical investigations with fattening 
oxen we have a large number of direct com- 
parisons of the values for fattening purposes 
of starch on the one hand, and of a vai-iety of 
foodstuffs and pure preparations of albuminoids, 
oils, carbohydrates, and fibre on the other hand. 
The 'starch value' (German ' Starkewert ') of a 
certain quantity of a foodstuff' or of a given 
ration is thus the weight of digestible stai'ch to 
which it is equivalent for fattening or other 
productive purposes. For example, in one of 
Kellner's experiments 100 lb. of a linseed cake 
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containing 34'5 per cent digestible albuminoid, 
8'4 per cent of digestible oil, and 26'1 per cent 
of digestible cai'bohydrates (including fibre) 
was found to give the same fattening increase 
as 77 lb. of starch ; i.e. the ' starch value ' of 
100 lb. of this linseed cake was 77 lb. On the 
basis of his investigations Kellner has devised 
a method fur the calculation of the starch values 
of foods fi'om their percentage composition and 
digestibility. This method rests primarily upon 
the results obtained in experiments in which 
he compared the values for fattening purposes 
of pure albuminoids, oils, carbohydrates, and 
fibre, when added separately to a maintenance 
ration. Expressed in terms of starch as unity, 
these values were as follows : — 

Relative 
Starch Values, 

Starch = 100 

Fibre (pulped) = 1-02 

Sugar ... ... ... ... ... — 0*76 

Albuminoid ... ... ... ... = 0"94 

Oil (in oil seeds and their products)... =i 2'41 
Oil (in other seeds and their products) = 2'12 
Oil (in coarse fodders, chaff, and 

'roots') = 1-91 

It will be seen that under the ideal conditions 
of these experiments, where each nutrient — 
even the fibre — was supplied in highly diges- 
tible form, the starch and fibre prove to be of 
equal value, the sugar decidedly inferior, and 
the albuminoid slightly inferior to the starch, 
whilst the relative value of the oil ranged from 



1'9 in the case of the impure 'oil' of coarse 
fodders to 2'4 in the case of the pure oils, such 
as those of the oil-bearing seeds, nuts, &c. The 
low value of sugar as compared with starch is 
attributable to the wasteful activity of feimen- 
tative organisms in the digestive tract, these 
finding in the soluble sugar more easily acquired 
nourishment than in the more insoluble starch 
and fibre. 

If now we may assume that the digestible 
albuminoids, &c., will exercise the same relative 
increase-producing powers when mixed together 
in the form of ordinary foodstufi's as they were 
found to possess when supplied separately, the 
starch value of a foodstuti' (100 lb.) may be ar- 
lived at by means of the following expression : — 

Starch value per 100 lb. = (digestible albuminoid 
per cent x 0'94) + (digestible oil per cent x 2'41 or 
2*12 or 1'91) -f digestible carbohydrates per cent -i- 
digestible fibre per cent. 

Kellner found, however, that almost without 
exception the starch values thus calculated for 
different foodstuffs were higher than the values 
obtained by direct experiment with the food- 
stuffs. The discrepancies were only slight in 
the case of the highly digestible foodstuffs, but 
very great in the case of the highly indigestible 
and bulky foodstuflfs. The following examples 
selected from Kellner's results are typical of the 
difl'erences found between the calculated and 
actual values : — 





Decorti- 
cated 

Cotton- 
seed 
Ileal. 


Linseed- 
cake 
Meal. 


Kye 
Grain. 


Bean 
.Meal. 


Wieat 
Bran. 


Meadow 
Hay. 


Oat 
Straw. 


Wheat 
Straw. 


Potatoes 

(dry 
matter). 


Mangels 

(dry 
matter). 


Starch value, Cal- i 
culated . . . / 

Starch value, Ac- i 
tual J 

Actual starchy 
value expressed 1 
as jiercentage • 
of calculated 
starch value ... J 


lb. 
80-6 

79-4 
98 


lb. 
79-4 

77-4 
97 


lb. 
72-8 

681 
94 


lb. 
69-5 

65-7 
95 


lb. 
62-0 

47-9 

77 


lb. 
62-8 

43-9 
70 


lb. 
43-8 

26-6 
61 


lb. 
331 

97 
29 


lb. 
74-3 

72-9 
98 


lb. 
60-5 

52-7 

87 



An explanation of the discrepancy between 
the calculated and observed values is not diffi- 
cult to find. It must be borne in mind that 
the nutrients digested from any food have to 
provide not only for the productive purposes 
of the animal, but also for unproductive pur- 
poses, such as the labour involved in the masti- 
cation of the food and its digestion. The greater 
tlie demands upon the foocl for the latter pur- 
poses, the less will be the surplus of nutritive 
matter available for productive purposes ; or, to 
use a term employed in a similar sense in con- 
nection with soils and manures, the lower must 
le the 'availability' for productive purposes of 
the digested matter. Now the labour involved 
in the mastication, &c., of a foodstuff will be 
largely determined by the amount and char- 
acter of the crude fibre contained in it. Hence 
we may expect to find that the ' availability ' 
of the digestible matter of different foodstuffs 



will steadily diminish as we pass from food- 
stuffs containing very little fibre to the food- 
stuffs rich in fibre of a hard character. The 
examples quoted above show very clearly that 
this is the case. Thus, whereas in the case of 
the easily masticated and digested oil-seed and 
grain foods the ' availability ' of the digestible 
matter is 94 to 98 per cent, in the more fibrous 
wheat bran it is 77 per cent, in the still more 
fibrous hay it is 70 per cent, whilst in the case 
of the straws, most fibrous of all foods, it is 
61 per cent for the relatively soft oat straw, 
and only 29 per cent for the hard wheat straw 
used in this experiment. 

To return now to our expression for the cal- 
culation of starch values, in order to bring our 
results into accord with actual fact it is obvi- 
ously necessary that the 'availability' of the 
digestible matter of the foodstuff to which the 
calculation refers shall be taken into account. 
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Kellner has rendered this possible by tabulat- 
ing the percentage 'availabilities' (German 
' Wertigkeit ') of a large number of foodstuffs 
(see Kellnei's Scientitie Feeding of Animals, 
trans, by Goodwin, pp. 379-389). 

A few examples will best illustrate the cal- 
culation of starch values by the method here 
outlined: — 

Example I. — Linseed Cake containing 25 per cent 
digestible albuminoid, 9J per cent digestible ' oil ', and 
32 per cent digestible carbohydrate (+ fibre). 

' Availability ' (Kelluer) = 97 per cent. 

Starch value per 100 lb. = [(25 x 0-94) + (9-J x 2-4) 

-f 32] X -5^ = 76 lb. 
■' 100 

Example J 1. — Oats containing 9 per cent digestible 
albuminoids, 5 per cent digestible ' oil ', and 45 per cent 
digestible carbohydrate ( + fibre). 

' Availability ' (Kellner) = 95 per cent. 

Starch value per 100 lb. = [(9 x 0-94) 4- (5 x 2-1) + 

45] X ^ = 00-8 lb. 

In the case of coarse fodders (hay and stiaw), 
chaff and green foods, Kellner recommends that 
instead of correcting the calculated starch values 
by means of the ' coefficients of availability ' as 
in the above examples, the correction should be 
based upon the percentage of crude fibre {total, 
not meiely digestible) in the food, in accordance 
with the following schedule: — 

For each 1 per cent of crude fibre present, 
the uncori-ected calculated starch value of hays, 
straws, and green foods containing 16 per cent 
crude fibre or more should be reduced by 0'58 
(say 0-6). 

Chaffs and green foods containing not more 
than 4 per cent crude fibre should be reduced 
by 0-29 (say 0-3). 

In the case of green foods whose fibre content 
falls between the limits of 4 per cent and 16 
per cent, a proportional correction should be 
made; e.g. lov 6 per cent of crude fibre the cor- 
rection per 1 per cent will be 0'34, for 8 per 
cent 0'38, for 10 per cent 0'43, for 12 per cent 
0'48, and for 14 per cent 0'53 starch value. 

The following examples will illustrate the 
application of this method: — 

Example III. — Red Clover Hay containing 5i per cent 
digestible albuminoid, 1^- per cent digestible 'oil , 38 per 
cent digestible carbohydrate ( 4- fibre), and 25 per cent 
total crude fibre. 

Starch value per 100 lb. = [(5.^ x 0-94) 4- (IJ x 1-9) 
4- 38] - (25 X 0-6) = 46 - 15 = 31 lb. 

Example IV. — Lucerne (green) containing 2 per cent 
digestible albuminoid, o per cent digestible ' oil ', 9 per 
cent digestible carbohydrate ( 4- fibre), and 7 per cent 
total crude fibre. 

Starch value per 100 lb. = [(2 x 0-94) 4- (J x 1-9) 
4- 9] - (7 X 0-36) = 11-8 - 2-5 = 9-3 lb. 

The experiments upon which the foregoing 
methods of calculating starch values are based 
were confined to the fattening of oxen, and 
hence, strictly speaking, the starch values thus 
arrived at apply only to this particular class of 
feeding. There is every reason to believe, how- 
ever, so far as available information can give us 
any guidance, that, for the more concentrated 
foods at any rate, these starch values may be 
taken as fairly representing the relative values 



of the different foodstuflfs for all ' productive ' 
purposes, and all the common classes of farm 
stock, whether fattening oxen, sheep or pigs, 
working horses or milch cows. In all cases, 
provided that the total ration contains a sufficiency 
of digestible albxtminoids for the needs of the 
animal, the relative ' productive ' values of dif- 
feient foodstuffs or rations appear to corre- 
spond closely to their relative starch values as 
calculated by the methods explained above. 
There is some reason to believe that in the case 
of milk-producing animals a certain minimum 
amount of digestible oil must also be supplied 
in the ration before the different foodstuffs will 
'produce' in proportion to their starch values. 

[c. c] 
Starling ySturnus vulgaris). — This common 
gregarious bird is on the increase in Biitain 
and is familiar to everyone. The black plumage 




has a beautiful green or purple sheen, and is 
spotted with buff', especially in the female. The 
beak is long and curved. Starlings chiefly feed 
on snails, slugs, worms, and insects, catching 
many of the last on the wing. Thej' also do 
good service by ridding sheep from various para- 
sites. On the other hand, these birds undoubt- 
edly attack grain, and fruits such as cheriies, 
apples, and pears. In some districts their habits 
are undergoing change. The benefits conferred 
far outweigh the damage done to agriculture 
pure and simple, but fruit growers are justified 
in keeping the species in check, though even 
here a policy of extermination is not to be 
recommended. Breeding takes place in the 
early spring, and the untidy nest, made of the 
most varied materials, is built in all sorts of 
places. The four to seven eggs are pale-blue 
with a tinge of green. There are often two 
broods in the season. [j. R. A. D.] 

Starters. — Starters have been employed for 
many years to hasten the souring of milk or 
cream in cheesemaking and buttermaking, but 
it is only recently that their nature and effects 
have been understood. Natural starters were 
obtained by allowing milk or cream to sour 
under natural conditions. Buttermilk and whey 
starters were also used. 

In 1890 Dr. Storch conceived the idea of mak- 
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ing use of pure cultures of bacteria for starters 
in cream ripening, and the system has now been 
adopted extensively both in buttermaking and 
in cheesemaking in all the principal dairying 
countries. The fiist culture starters contained 
only one species of bacteria, but the commercial 
starters of to-day include more than one species. 
These bacterial cultures are prepared in the 
laboratory, and put on the market in the form 
of a dry powder, or as a liquid. 

The principles of cream ripening by the use of 
culture starters are: first, the keeping of the 
milk as free from germs as is practicable, and 
the elimination, as far as possible, of the bac- 
teria present in the milk by pasteurizing; second, 
the addition of a starter to give impetus to the 
desirable organisms, and to enable them to gain 
and maintain the ascendancy over other and less 
desirable species. Culture starters are also added 
to raw or unpasteurized cream, but the result 
cannot be so thoroughly relied upon. In butter- 
making, and almost equally in cheesemaking, 
great improvement in quality has resulted from 
the general use of culture starters in the ripen- 
ing processes. 

A useful home-made starter may be prepared 
in the dairy as follows : Select a cow giving 
sound normal milk which sours without the pro- 
duction of gas or other taint. Have some of the 
milk drawn, with special care as to cleanliness, 
and keep this near 70" F. until partially curdled 
from acidity. Inoculate with some of this soured 
milk a fresh lot of pasteurized milk, and maintain 
it about 70° F. until this in turn is partially 
curdled. Repeat this treatment daily for several 
days. In this way a fairly pure starter may be 
prepared from ordinary milk, though culture 
starteis prepared in the laboratoi-y by bacterio- 
logical methods are to be preferred as being 
more reliable. 

A commercial culture starter when received 
should be fresh, with the seal unbroken, and 
should be kept in a cool, dark place till the time 
of using. It should be pure to begin with, i.e. 
contain only the germ or germs specified, and 
these germs should be able to grow vigorously 
in milk at ordinary ripening temperatures, and 
produce lactic acid. It must be remembered that 
a starter is a living thing, and its vigour or vitality 
must be maintained. For this, great care in pro- 
pagation is necessary. Heat some fresh, whole 
or separated milk to 180° F. for thirty minutes. 
Cool to 90° F. and inoculate with the culture 
preparation according to directions with the 
package. Keep in an enamelled vessel, covered 
lightly with a clean cheese cloth, at from 75° F. 
to 65° F. until partially curdled. The starter 
should at no time become too thoroughly curdled, 
but well soured to taste, and only partially 
curdled, with acidity not more than from '74 to 
•85 per cent as determined by the acidimeter. 
The vigour of a starter is impaired by strong 
acidity; lactic germs are checked and undesir- 
able germs allowed to multiply in the starter. 
To prevent over-development at any time, dilute 
with some freshly pasteurized skim milk. Pro- 
pagate the starter frf)m day to day by adding 
a small quantity to a new lot of freshly pasteur- 
ized skim milk. The percentage of starter for 



inoculation and the temperature of setting vary 
according to requirements. A new starter re- 
quires to be 'built up' for a few days before 
using, and during this time its vitality will be 
increasing daily. But after a starter has been 
fully developed, good results will be obtained 
when the time allowed for ripening is from 
eighteen to twenty hours, the inoculation from 
1 to 2 per cent, and the temperature of setting 
about 68° F. 

The quantity of starter added to cream for 
buttermaking varies from 2| to about 8 per cent, 
according to the temperature and time of ripen- 
ing. The starter is introduced into the ripening 
vat before the cream. The top layer is skimmed 
off, the bottom portion also discarded, and the 
starter to be used strained free from curdy 
matter through a cream cloth. In cheddar 
cheesemaking, starter is employed at the rate of 
J to ^ or even 1 per cent of the milk, and added 
to the evening's milk first thing in the morning. 
In the making of many of the soft varieties of 
cheese, a very few drops of starter may be used 
with good efiects. 

The germs in a starter are the seed and quality 
in the crop, and it is impossible to over-empha- 
size the importance that should be attached to 
the purity of the starter. A good starter when 
stii-red up will be of a smooth consistency with- 
out the tendency to separate into curds and whey; 
free from gassiness, bitterness, and stringiness, 
and have a desirable sharp acid flavour and a 
pleasing aroma. Unless a starter is in a reason- 
ably pure condition its use is likely to do much 
more harm than good ; but a suitable starter 
intelligently used should result in an improved 
quality of butter or cheese. [w. St.] 

Statistics, Agricultural.— Probably the 
earliest agricultural statistics were returns of 
the numbers of live stock. Biblical history, at 
any rate, familiarizes us with enumerations of 
the flocks and herds at a very early period. So 
far as our own country is concerned, probably 
the first systematic attempt by the State to 
record statistics of agriculture was that made by 
William the Conqueror in the Domesday Inquest 
or Survey. This was extraordinarily detailed 
and precise for a large part of England, but of 
course it did not deal with Scotland and Wales. 
From time to time other partial attempts were 
made, mainly by the enterprise of individuals, 
as, for instance, Gregory King, Sir John Sinclair, 
and Arthur Young, to collect data of the agri- 
cultural resources of Great Britain, but it was 
not until 1866 that the present regular system 
of annual agricultural returns was instituted. 
Certain European countries had previously taken 
the lead by establishing periodical enquiries in 
connection with the census of the people or in- 
dependently, both of the area under different 
crops and of the numbers of live stock. 

Statistics of the agriculture of any country 
naturally divide themselves into three main 
groups, viz. : (1) the persons engaged, (2) the 
crops produced, and (3) the animals kept. "These 
particulars may be collected in greater or less 
detail, but unless the main facts under these 
headings are obtained the position and progress 
fif the agriculture of a country cannot be ascer- 



statistics — Steam Cultivation 



111 



tained. A record of the persons engaged in the 
industry is usually obtained by means of the 
census returns of the population, which are now 
as a rule collected decennially, and consequently 
the ordinary statistics of agriculture relate to 
the crops and live stock and do not include the 
personnel of the farms, except as regards the 
actual occupier. The basis of all crop returns 
is a return of the area planted with each crop. 
This is a definite and readily ascertainable fact. 
In certain countries statistics of the production 
of a particular ciop are published when the acre- 
age of that crop is not known, but although this 
may be achieved with some amount of plausi- 
bility it is difficult to feel confidence in the ap- 
proximate accuracy of the results. If, however, 
the area is definitely known, the production from 
that area in each year can be calculated with 
some degree of assurance. The method of ascer- 
taining the crop areas varies in dift'erent coun- 
tries. Thus, in Great Britain it is obtained by 
means of a schedule filled up by the occupier 
of each holding. This is the most satisfactory 
method if it can be carried out. The occupier 
being assured that his return is regarded as con- 
fidential and that its contents are never divulged, 
but are employed solely for statistical purposes, 
has no motive for concealment or for false state- 
ment. In Ireland a similar but slightly differ- 
ent method is adopted, the returns being collected 
orally from the occupiei'S by the police. In 
France the returns are not made by the occu- 
pier, but by appointed persons in each commune 
who obtain by enquiry the particulars relating 
to each holding. Another method adopted in 
some countries is to obtain very detailed returns 
from the occupiers every ten years, in connection 
with the census of population, and year by year 
to estimate, after local enquiry, the increase or 
decrease of the acreage under each crop. It has 
been found, however, that this method is apt 
to lead to considerable errors, which are only 
discovered when the next decennial enquiry 
is made. The returns of animals on the farm 
are usually obtained at the same time, and in a 
similar manner, as those of the crops. 

The question is sometimes raised whether the 
collection and publication by the Government 
of agricultural statistics is necessary or in fact 
desirable. It is indeed occasionally argued, by 
persons whose mental horizon is restricted, that 
official agricultural statistics are detrimental to 
the inteiests of farmers. It might almost be 
a sufficient answer to such persons that every 
civilized country now thinks it necessary and 
desirable to collect and publish statistics of their 
agriculture in the fullest possible detail ; and 
that even in those countries where the ignorance 
and illiteracy of the fai'mers and peasants render 
the procedure most difficult, the State makes 
strenuous efforts to cope with the difficulty and 
to induce the occupiers of land to take an intelli- 
gent view of the matter. There is now hardly 
a considerable part of the civilized world — out- 
side China and the Turkish Empire — for which 
agricultural statistics on a more or less complete 
scale are not available. The advantage of official 
returns to the farmer is best realized by imagin- 
ing the position without them. Statements 



would be continually put forward, for example, 
of the increase or decrease of arable cultivation, 
the production of particular crops, or the num- 
ber of cattle or sheep. They would be confi- 
dently made by irresponsible journalists, by 
imaginative politicians, or by interested traders, 
with the object of supporting some fad or of 
influencing the price at the markets. However 
erroneous such statements might be, and how- 
ever convinced farmers might be of their error, 
there would be no means of conti'adicting them, 
and they would, if persistently reiterated, attain 
their object. The producer's best defence is the 
publication of the facts. Uncertainty as to the 
facts provides the speculator and the middleman 
with their most poweiful weapon in dealing 
with the producer. It is the recognition of this 
fundamental truth that has led to the recent 
establishment of the International Agiicultural 
Institute. Its primary object is to induce the 
Governments of every country to obtain the 
most accurate statistical information of their 
agricultural production, and to forward this to 
a common centre, so that eventually the world's 
production of all the important crops may be 
known with reasonable certainty. The task 
before it is beset with immense difficulty, and 
it may be long befoie its object is realized, but 
no one denies that if it can succeed it will prove 
of the utmost benefit to the cultivators of the 
soil in every country. [r. h. r.] 

Steam Cultivation, as usually performed, 
does not differ materially from horse cultivation. 
The implements used are modified ploughs, cul- 
tivators, harrows, rollers, drills, &c., constructed 
to meet the requirements of practically un- 
limited power. Similarly, the tillage operations 
are limited to ploughing, cultivating, dragging, 
&c., so that, after the work is performed, there 
is little radical difference observable between 
the two classes of work. The chief points of 
difference between steam- and horse-cultivating 
implements are seen in the number of ploughs 
attached to the frame; in theii' turn-wrest type; 
in the absence of slades or soles ; and in the 
attachment, in some cases, of subsoiling coulters 
to the plough frame. The 'cultivators' are 
generally five- or seven-tined, and are furnished 
with a turning apparatus. They are more effi- 
cient than horse cultivators, on account of their 
strength and weight, which, with the greater 
speed at which they are actuated, ' smashes ' the 
ground completely and at the same time pre- 
serves the original surface on the top. Simi- 
larly, the width, strength, and rapidity of the 
steam-drags produce incomparably better work 
than can be accomplished by any horse-drawn 
drag or harrow. 

The most successful steam tillage is therefore 
based upon an adaptation of the older imple- 
ments to a new power, rather than in the adop- 
tion of novel appliances for dealing with the 
soil. It is true that ' diggers ' and rotating 
tillers have been introduced — and, in fact, are 
still extant — in which attempts are made to 
pulverize the soil and produce a seedbed at one 
operation. But we may accept the types of 
modified tillage implements as fairly applicable 
to steam cultivation in its ordinary form. 
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Steam cultivation is most esteemed (1) on 
heavy clay land, where horse tillage is not only 
expensive, but limited by the time available for 
performing it. It is an enormous advantage to 
the occupier of such laud to get it cultivated at 
seasonable times, and also to the required depth 
for its thorough pulverization. (2) On light soils, 
■where wide implements can be used in order to 
get over a large area in one day. (3) On farms 
where special cultivations are necessary at cer- 
tain times of the year, such as in continuous 
corn-growing, where it is important to prepare 
stubbles immediately after harvest, for autumn 
sowing. 

On many farms steam is called in upon special 
occasions, either after harvest or in the spring, in 
order to forward the cleaning of land for fodder 
or for root crops ; and this points to the advan- 
tage of contracting for the work at a specified 
price per acre. The question of cost is of vital 
importance, but is atfected by that of efficiency. 
There are some light soils which are better tilled 
by horses, as steam is too rough, and sometimes 
too deep in its action, for them, and the treading 
of horses may also be distinctly beneficial to 
such soils. The cardinal points in favour of 
steam cultivation, such as unlimited depth, and 
the freeing of the land from the tread of horses, 
cease to be of importance on these soils, and the 
question of cost may be discussed without taking 
efficiency into account. Time also is a less im- 
portant cousideiation in the case of land which 
can be ploughed whenever it is dry overhead, or 
harrowed without long delay, even after heavy 
rain. 

In considering the relative costs of steam and 
horse cultivation there is reason for believing 
that the horse is very difficult to replace, so far 
as actual cost is concerned. The estimated cost 
of steam cultivation is liable to be placed too 
low, as sufficient allowance is often not made 
for deterioration in the value of tackle after it 
has been used for a few years. 

As an adjunct to horse cultivation, steam is 
extremely valuable, and in many cases it may 
partially displace horses. It is, however, note- 
worthy that after a trial of at least sixty years, 
it has hitherto failed to oust the horse from its 
position as the most generally employed power 
on farms. It is no small advantage that horses 
can be used singly, or two, three, or four to- 
gether ; that they can travel over bad roads 
and soft land ; and that they can be called upon 
or dispensed with at a moment's notice ; that 
they require no repairs, except rest, and that 
they may be so managed as to be a source of 
actual profit. 

The question of efficiency requires a few fur- 
ther words of explanation. Steam cultivation 
is said to be so much better than horse culti- 
vation, that the question of cost ceases to be 
all -important. The efficiency of steam culti- 
vation does not, however, appear to be in all 
cases greater than that of horse tillage. Horse 
ploughing is quite as good as steam ploughing, 
and, as to ordinary harrowing, it is one of its 
greatest recommendations on many soils that 
the horses tread the ground and render it firm 
after sowing. This is especially true of lea 



lands sown with wheat, or on the same land 
sown with oats, in the spring ; and in fact in 
all cases where the land lies hollow, after the 
seed has been deposited. See also arts. Labour 
OS THE Farm; Steam Plodgh. [j. wi.] 

Steam Diggers are large cultivators 
which break up the ground, not through tines 
being di'awn through it as in ordinary steam 
or horse cultivating, but by breaking or stir- 
ring motions imparted to the forks or other at- 
tachments provided for the purpose. In almost 
all cases the digging parts have been placed at 
the rear of the traction engine, though in the 
early form of the Darby digger, which in 1880 
was the first to demonstrate practically the 
possibilit}' of digging, the engine was made to 
travel sideways, the digging forks being placed 
broadside to the engine, and presented a dig- 
ging breadth of 21 ft. Although it attained 
some popularity it was not sufficient to com- 
mand permanent success. The Procter digger 
was in reality a traction engine geared into a, 
crank shaft which worked three forks at the 
rear, turning the ground as the engine travelled 
forward. Mr. Darby at the end of the 19th 
century brought out a decidedly novel digger, 
in which the digging action differed greatly 
from the ' kicker ' motion imparted to diggers 
in use at that time. The effect in working was, 
that a rotary cutting and stirring action was 
set up as the engine moved forward. The land 
was undoubtedly well stirred, but there was no 
provision to effect thorough inversion, conse- 
quently it failed as a cleaner of the land, and 
failed commercially. The Cooper digger brought 
out in 1896 is the only one made in this coun- 
try, and it has obtained sufficient popularity to 
make it successful. It is a thorough tiller and 
land cleaner, doing in one operation more actual 
cultivation than any cultivating machine yet 
brought out. The Procter digger crudely fore- 
shadowed the Cooper digger, but tlie design of 
the latter throughout is markedly superior, and 
there are many features not present in the 
Procter. The attachment has a working width 
of 9 ft. 6 in. covered by a double row of forks, 
four in each row. The front row has prongs 
which are flat, chisel-shaped, and sharp, to enter 
hard ground; the back row has curved ones, to 
break up the ground turned, and to work out 
weeds. The forks have continuous motion in a, 
vertical plane, and are driven at a speed which 
most thoroughly works the land. Despite the 
size of the machine all parts are under easy 
control, and work with great nicety. 

[w. J. M.] 

Steamed Bones, or degelatinized bones, 
are bones which have been treated under pres- 
sure with superheated steam to alter and render 
soluble a part of the nitrfigenous matter which 
is removed as glue or gelatin. The bones are 
first cleaned and degreased and then steamed. 
The steaming removes from one-third to two- 
thirds of the organic matter of the degreased 
bones, and the remaining bone is much more 
brittle and easily ground than the original. 
The more thoroughly the bones are steamed 
the smaller the amount of organic matter left 
in them. As the organic matter of bones is 



steam Engine 



113 



highly nitrogenous, and the glue or gelatin 
which is removed is a very nitrogenous sub- 
stance, the steaming removes a large part of 
the nitrogen of the bone. On the other hand, 
the removal of the organic matter leaves the 
phosphate unaltered, and therefore steamed 
ijones have a larger percentage of phosphate 
than the unsteamed bones. Clean raw bone 
contains about 4 per cent of nitrogen and 50 
per cent of phosphate, whereas the steamed 
bone contains about from j to 1^ per cent of 
nitrogen and from 60 to 70 per cent of phos- 
phate (see Bone Manures). 

Steamed-hone flour consists of steamed or 
degelatinized bones ground to a fine powder. 
As steamed bones are brittle and easily ground, 
they are usually more finely ground than bone 
meals and bone dusts which are made from 
unsteamed bones. This causes steamed bone 
flour to form a very active and useful manure. 
In fact, numerous experiments have shown that 
weight for weight of phosphate it is generally 
more active than bone meal. At the market 
prices which have prevailed for bone manures 
for many years past, it is cheaper per ton, and 
also per unit of phosphate, than bone meal ; it 
is therefore an economical bone manure for 
general use. It is frequently mixed with super- 
phosphate, as it dries the superphosphate with- 
out reverting the soluble phosphate to the 
insoluble dicalcium-phosphate to any great ex- 
tent. For analyses of steamed bone flours and 
further information, see the article on Bone 
Manures. [j. h.] 

Steam Engine. — Steam engines may be 
divided into two great classes — reciprocating 
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engines and rotary engines. Many of the forms 
in which engines of the former class have been 
made have now become obsolete, the only form 
of this class of engine which is now in common 
use being the direct-acting form. In the same 
way there have been many forms of rotary 
engines, but of these only certain forms, known 
as steam turbines, are now made. The direct- 
acting, reciprocating steam engine, which, with 
the exception of turbines, is now used exclusively 
of all others, consists, in its simplest possible 
form, of the following essential parts : (a) a 
cylinder, fig. 1, containing a piston p, which is 
caused to reciprocate backwards and forwards 
from end to end of the cylinder by the pressure 
of steam acting upon it ; and (6) a mechanism, 
consisting of a piston rod PR, a slide block B, 
and guides Q, a connecting-rod CR, a crank, and 
a crank shaft s, working in bearings carried 
by the frame or bed plate r. The object of 
the mechanism is to communicate the recipro- 
VOL. XI. 



eating motion of the piston to, and convert 
it into the rotatory motion of the crank shaft. 
The cylinder of an ordinary steam engine is 
usually provided with two openings in the 
barrel, one at each end, called steam ports, 
through which the steam, controlled by a slide 
valve, usually, passes alternately to and from 
the cylinder. A longitudinal section of the 
cylinder of a diiect-acting steam engine, show- 
ing the steam ports sp^ and SPj, the exhaust 
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port EP, and the slide valve sv, is given in fig. 2. 
The slide valve is driven from an eccentiic on 
the crank shaft. This eccentric is merely a 
form of crank, the rotatory motion of which, 
by means of an eccentric rod and valve rod VR, 
is communicated to the slide valve, causing the 
latter to reciprocate backwards and forwards 
much in the same way as does the piston, but 
on a smaller scale. In fig. 2 the valve is shown 
admitting live steam from the valve box VB to 
the end c^ of the cylinder through the steam 




Fig. 3 

port sPj, and allowing steam to exhaust from the 
other end, c^, of the cylinder, through the ports 
sPj and EP, into the atmosphere or condenser. 
As the slide valve reciprocates backwards and 
forwards it alternately admits live or boiler 
steam to, and allows the escape of exhaust steam 
from, each end of the cylinder as follows : When 
the piston p, fig. 2, is just, or almost, on the point 
of commencing its outward stroke, as shown at p, 
fig. 3, the edge e of the valve — which will then 
be moving towards the left — will be opposite 
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tlie outer edge / of the port sPj, as shown in 
fig. 3, and admission of steam to the right-hand 
end of the cylinder will commence. After a short 
interval the valve, having arrived at its extreme 
position on the left, will begin to return, and, 
when the edge e of the valve comes opposite to 




the outer edge, /, of the steam-port again, admis- 
sion of steam will be cut off and expansion will 
commence ; the relative positions of piston and 
valve now being as shown in fig. 4. Then, the 
valve still moving towards the right, when the 
inner edge e' of the valve comes opposite to the 




inner edge /' of the right-hand steam-port, as 
shown in fig. 5, the steam will be released from 
the end Cj of the cylinder, and will escape into 
the atmosphere, or condenser, through the ex- 
haust port. After the valve has reached its ex- 
treme position on the right it begins to move 
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Fig. 6 



towards the left, and when e' comes opposite to 
/' again, the piston will be approaching the end 
of its inward stroke, as shown at P4, fig. 6, the 
escape of steam from the cylinder will be stopped, 
and compression will commence. 

The variations of pressure which take place 
on the back of the piston are indicated in the 
indicator diagram shown in fig. 7, where ac' 
represents the stroke of the piston. During 



admission or while the piston is moving from 
A to B, the pressure will be constant, and almost 
equal to the boiler pressure, as represented by 
the line ab. At B cut-oflf takes place, and as the 
piston advances to c the steam expands and the 
pressure falls, as indicated by the line be. AVhen 
the piston arrives at c release takes place, the 
pressure rapidly falls still further to cc" — the 
back pressure — and then remains constant, as 
indicated by c"d, until the piston has returned 
to D. At this point compression commences and 




Fig.? 

the pressure begins to rise again, gi-adually at 
first, to E, and then suddenly, to a, as admission 
takes place. 

In a similar way the outer and inner edges 
on the left-hand side of the valve control the 
admission, cut-off', release, and compression with 
respect to the left-hand end of the cylinder, the 
indicator diagram for which will be somewhat of 
the form shown in fig. 8. These diagrams are 
automatically drawn on paper by an instrument 
called an ' indicator '. 

In the case of double-acting engines, indicator 
diagrams are taken from both ends of the engine 
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cylinder, or cylinders, and from these the ' indi- 
cated horse power ' of the engine is determined. 

A small portion, from about 5 per cent to 
15 per cent, of the i.h.p, of an engine is ex- 
pended in overcoming frictional resistances in 
the engine itself, and the remainder, which is 
available for doing useful work, is called the 
'effective' or 'brake horse power' of the engine. 

A simple direct-acting steam engine is illus- 
trated in fig. 9. In addition to the essential parts 
already referred to, such engines are usually 
provided with: (1) a heavy flywheel to 
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render the motion of the shaft throughout each 1 nor, to keep the speed within fixed narrow 
revolution as uniform as possible ; (2) a gover- | limits under a varying load, which it does, in 




Fig. 9.— Horizontal Noti-condensing "Girder" Type Engine 



small engines, by throttling the entering steam ; 
(3) a stop valve, for admitting boiler steam 
to and shutting it off from the 
steam box, &c. 

Reciprocating steam engines 
are classified as: (a) Single-act- 
ing, or double-acting, according 
as the steam acts upon one side 
of the piston only, or upon both 
sides ; (b) non-condensing, or con- 
densing, according as the steam 
on leaving the cylinder is passed 
into the atmosphere, or into a 
condenser ; (c) stationary, loco- 
motive, or marine, according to 
the kind of work it performs ; 
(d) simple, or compound. 

As the steam enters the cylin- 
der of an engine it acts upon the 
piston and drives it forward. 
Before the piston reaches the end 
of its stroke, however, the supply 
of steam is usually cut off and the 
stroke completed by the expan- 
sive action of the steam. The 
steam may now be led into the 
atmosphere, or into a condenser, 
or into a second cylinder where 
it is made to do work in the same 
way as it did in the first. When 
steam does work in one cylinder 
only, the engine is called a 
' simple ' engine ; if it does work 
in two cylinders in succession it 
is a 'compound' or double-ex- 
pansion engine ; if in three cy- 
linders it is a triple-expansion 
engine ; and if the same steam 
undergoes four separate expan- 
sions in four (or more) cylinders it is called a 
quadruple-expansion engine. The number of 
expansions which gives most economical results 



depends largely upon the initial pressure of the 
steam supplied to the engine. Thus for initial 




Fig. 10. — Front Section of Belliss Compound Engine 



pressures up to about 85 or 90 lb. per sq. in. by 
gauge, simple engines are generally used. For 
pressures between 85 lb. and 150 lb. per sq. in., 
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two-cylinder compound engines are usual. And 
for engines using steam at pressures between 
150 lb. and 220 lb., triple expansion is chiefly 
adopted, though quadruple expansion is not un- 
common when the initial pressure of the steam 
exceeds 200 lb. per sq. in. 

The classes of engines chiefly used upon or 
about the farm are simple, double-acting, 
non -condensing, and either stationary or 
locomotive traction. Two-cylinder compound 
engines of both the condensing and non-con- 
densing types are, however, sometimes used. 
A quick-revolution, two-cylinder compound 
engine, particularly well adapted for driving 
dynamos, is illustrated in fig. 10. In this en- 
gine the steam, after acting upon the piston 
in the right-hand cylinder — called the high- 
pressure cylinder — passes into the larger 
cylinder on the left — the low-pressure cylin- 
der — and the admission, release, &c., of the 
steam for both cylinders is controlled by a 
slide valve having the form of a piston, called 
a piston valve, which is placed between the 
two cylinders, as shown. 

Of steam turbines there are several types, 
the simplest being the De Laval steam turbine, 
shown in fig. 11. This turbine, which is often 
used for driving cream separators, &o., in dairy 
farms, works very much like a water-jet wheel 
— that is, jets of steam impinge on vanes, the 
resulting impact driving the wheel round. 



which the whole heating and steaming appa- 
ratus is combined, and this answers well. When 
large quantities of material have to be used, 
closely tongued wooden bins or vats are desir- 
able. Ordinarily these are made to hold 200 bus. 





Fig. 11.— De Laval Steam-turbine Wheel 

In the illustration two pairs of nozzles are 
shown, the nozzles in each pair being parallel, 
but on opi^osite sides of the shaft, and pointing 
in opposite directions. [h. b.] 

Steaming Apparatus. — The apparatus 
for steaming to suit all classes of food, includ- 
ing corn, must be designed for loose fodder, 
and heavier substances such as roots, corn, &c. 
Messrs. Barford & Perkins have long been 
identified witli this class of food - preparing 
through their dual-purpose plant, where a port- 
able boiler supplies suitable steamers through 
steam pipes leading to each. If a boiler exists 
on the farm, the special boiler need not be pro- 
vided. A cheaper form, however, is made in 
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Barford & Perkins s Steam Food-preparing Apparatus 

upwards ; and as the best effects of steaming are 
obtained after the material has been treated for 
three days, it is a decided advantage to use two 
bins. The steam is led into the bins by pipes 
laid underneath, with perforations so that the 
steam may attack the whole of the bottom layer, 
and then permeate through the mass. 

[w. J. II.] 

Steaming of Food.— The effectiveness of 
many foodstuffs can be appreciably increased by 
boiling with water, or still better, by steaming. 
In some cases (e.g. potatoes intended for pigs) 
this treatment is commonly recognized to iDe 
absolutely necessary, whilst it is the only practi- 
cable method of rendering foodstuffs that have 
become mouldy or infested with animal para- 
sites, serviceable as food. In the latter case the 
steaming will not only destroy the organisms, 
but will also remove the unpleasant -smelling 
products of their action. The benefits derived 
from steaming do not arise from any increase of 
digestibility — the tendency indeed being rather 
in the opposite direction — but rather from im- 
proved palatability, and, in the case of hard 
foods, the softening of the fibre and the conse- 
quent lower drain upon the digested nutrients 
to provide for the labour of mastication. Little 
gain is therefore to be expected from the steam- 
ing of sound foods that are readily consumed 
in the ordinary condition, unless, as in the case 
above-mentioned of potatoes, there be risks in- 
volved in the consumption of the raw food (see 
Potato, Products of). A further exception 
may also be made in the case of animals fed on 
scanty rations and exposed to low temperatures. 
The requirements of the body for heat form in 
such cases a serious drain upon the food supply, 
and the direct supply of heat in the form of 
steamed food may hence result in an appreciable 
economy of food. 

Boiled and steamed foods are better adapted 
for fattening animals (notably pigs) or milch 
cows than for animals of more active disposition, 
such as young stock. They are least suited for 
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horses and sheep. Care must always be taken 
to avoid the systematic use of such quantities of 
steamed or boiled food as involve the consump- 
tion of excessive amounts of water, since this 
may lead to a weakening of the digestive organs 
and of the constitution generally. The same 
caution applies also to the temperature of the 
food when supplied to the animals. This should 
not appreciably exceed blood-heat. [c. c] 

Steam Plough and Cultivator. — 
Steam ploughs are less used now than they 
were thirty years ago. Injudicious use, too 
deep work, the heaviness of the engines, the 
initial cost, the need of so much labour to work 
a set and keep it supplied with water, among 
other things, prevented their general use. 
Steam cultivating, however, being more expe- 
ditious, less injurious to the land by reason of 
undesirable subsoils not being brought to the 
surface, &c., has attained to much more popu- 
larity, and under many conditions can be carried 
out with great advantage. Still, there seems 
little probability of any extension — in fact, a 
much greater one of diminution — of the use of 
the steam cultivator, at any rate in the form in 
which it has hitherto been made ; and the com- 
ing of the oil-driven automobile tractor, with 
its wide application to other work in addition 
to cultivation, precludes likelihood of the steam 
plough being retained for any great length of 
time. Ploughing and cultivating by steam has 
been done by single-engine and double-engine 
sets, but in recent years the use of single-engine 
sets has practically died out. The single-engine 
set had the advantages that ploughing could be 
clone without taking the heavy engine into the 
field, and smaller initial cost ; but the setting 
down of snatch blocks, anchors, porters, paying 
out of cable, &c., involved much time, and the 
double sets proved more profitable to those who 
let out sets on hire. The double sets are simple 
to set to work, as all that is necessary is to 
place an engine at either side of the field and 
alternately haul the plough or cultivator back- 
wards and forwards, for which purpose each 
engine is fitted with a rope windlass. Culti- 
vators are made in many sizes to adapt them to 
the work required to be done ; and, apart from 
stirring implements to break up the land, suit- 
able combined implements for preparing a seed- 
bed and sowing it are also made, and are profit- 
ably employed on large tracts of land in countries 
possessing a drier climate than Great Britain ; 
and it is in these countries where this form of 
cultivation is likely to be continued after steam 
cultivation is even less practised than it now is 
in Great Britain. The use of the steam plough 
for exceptionally deep ploughing is also likely 
to be continued in some countries where special 
conditions prevail. [w. j. m.] 

Steel bo vi/. — Formerly it was a common 
practice in Scotland for the landlord to provide 
the tenant with the stock, farm implements, &c., 
necessary for the working of the farm, these 
goods being known as ' steelbow '. The custom 
has, however, completely died out, leaving only 
one trace in the stipulation, common in leases, 
that the tenant shall leave on the lands at his 
waygoing the unused straw and manure. The 



contract known as the bowing of cows (which 
see) in some respects resembles the lease of steel- 
bow goods. [d. b.] 

Steelyard. — The steelyard is a weighing 
machine in which the principles of the lever are 
employed. The hanging hook by which the in- 
strument is suspended is borne on a knife edge 
forming a fulcrum ; the material to be weighed 
is attached to hooks carried on the short arm of 
the lever; and the long arm is graduated to in- 
dicate the weight. A compensating weight in 
ratio is carried on a knife edge to bed into the 
notches, and is moved along until the indicator 
about the fulcrum is vertical. A great advan- 
tage of the steelyard is its portability, and suit- 
ability to weigh bulky materials such as hay, 
straw, &c. [w. .j. m.] 

Steeplechasing. — At first sight the name 
which has been given to this sport appears some- 
what incongruous and even ludicrous. Never- 
theless the word is truly descriptive of the origin 
of the sport. In the old days the country gentry 
used sometimes to wish to test the qualities of 
their hunters, and to compete against each other, 
when no opportunity of chasing a live animal 
showed itself. A steeple is a conspicuous object 
on any landscape. The riders used, therefore, 
to collect some miles away from a steeple, in the 
neighbourhood of which winning-posts had been 
set up, and then raced across country with one 
eye on the tower and the other on the nature of 
the ground — in short, they chased the steeple. 
It is from this primitive pastime that the ela- 
borate sport of the present day has evolved. 
The first recorded steeplechase took place in 
Ireland in 1752, and was over 4J miles of coun- 
try, 'from the church of Buttevant to the spire 
of St. Leger church'. As time went by the 
courses became more and more artificial, and it 
became the custom for crowds of spectators to 
congregate to see the fun. The character of the 
' mounts' employed has also radically altered. 
Hunters have not the speed to make any show 
in a modern steeplechase. The real 'chaser' is, 
in fact, quite a modern product, and is a race- 
horse which can jump, not a hunter with an 
exceptional turn of speed. When an animal 
fails for some reason or other at flat-racing, his 
owner will frequently try him at steeplechasing, 
and often with remarkably successful results. 
It is a strange thing that many horses who do 
not possess the ability to ' stay ' five furlongs on 
the flat, are yet able to distinguish themselves at 
four miles when they are put to steeplechasing. 
This becomes the more remarkable when it is 
remembered that the speed in the latter case is 
only slightly slower than in the former. The 
Grand National is run only seven or eight seconds 
slower per mile than the Derby, although the 
former race is three times as long as the latter 
and much heavier weights are carried by the 
horses in the Grand National. The explanation 
of this probably is that the very top speed of an 
animal, as compared with a very slight slacken- 
ing, requires the expenditure of an amount of 
energy out of all proportion to the gain in pace. 
At all events, this same large gain in endurance 
through a very slight slackening of speed is 
exhibited by men as well as by horses. The 
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Graud National was started in 1839. It was at 
first a sweepstake of 20 sovereigns each, 100 
added; 12 st. each; gentlemen riders; 4 miles 
across country. The National Hunt Steeple- 
chase was started in 1860. There are very few 
horses who take readily to jumping, and the 
training of a 'chaser' ought to be very gradual. 
Good shoulders are an essential characteristic, as 
without them a horse is apt to pitch on landing. 

[h. s. r. e.] 
Stells are artificial shelters built on the hills 
for the protection of the sheep in time of storm. 
They are generally of dry stone walls; but in 
cases where building stones are scarce, 12 to 
18 in. of turf may be put on the top of stones 
built to the height of 3^ to 4 ft. The configura- 
tion of the hill determines the best place to erect 
a stell. Stells are either for the protection of 
sheep in time of snowfall, or snowdrift, or to act 
as wind-breaks. The former class of stells are 
generally erected at or near some good feeding 
ground, where the sheep can easilj' obtain a bite 
without going far from their shelter. The latter 
class, or black-weather stells, are for the most 
part put on exposed or prominent parts of the 
hill, and their effect can be appreciated for a 
long distance. Stells are built of various shapes 
and sizes. The most common type is the circular 
stell, which does not fill with drifting snow so 
easily as a square building would; but whether 
the stell is round or square it is provided with a 
wing which helps the shepherd to guide the sheep 
to the entrance, and at the same time provides 



additional shelter, thus: — 



o 



At stells there is usually placed a small stack 
of hay, which is fed to the sheep in time of heavy 
snow. Black-weather stells are of various shapes 
— the most common being T or +, but some- 
times there are three legs like an Isle of Man 
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At almost every stell 



the shepherd has a small enclosure in which he 
can shut a ewe with a lamb, and this often saves 
him driving an odd sheep a long way during 
the lambing season. [w. b.] 

Stephens, Henry (1795-1874), agricul- 
tural writer, was born at Keerpoy, in Bengal. 
He was educated in Scotland, first at a school 
in Dundee, and then at Edinburgh university. 
Leaving the university, he had a thorough train- 
ing in practical farming under one of the best 
farmers in Berwickshire, and then went on an 
agricultural tour to the Continent. On return- 
ing, he came into possession of a farm at Balma- 
dies, Forfarshire, which he managed with con- 
spicuous success, introducing many improved 
methods both in land cultivation and in the 
feeding of cattle and sheep. He afterwards re- 
tired to Bonnington, near Edinburgh, where he 
died in 1874. It was during this last period 
of his life that he published his agricultural 
works. Of these the Book of the Farm is the 
best known, and is, in its subsequent and re- 
vised editions, still proving a lasting memorial of 



the fame of its originator. His other works are : 
A Manual of Practical Draining, The Yester 
Deep Land Culture, and A Catechism of Prac- 
tical Agriculture. In conjunction with Robert 
Scott Burn, James Slight, and Dr. Wm. Sellar, 
he published books and pamphlets on such sub- 
jects as Implements and Machines, Farm Build- 
ings, Physiology and Non-nitrogenized Foods, 
&c. He was editor of the Quarterly Journal 
of Agriculture, and up till 1852 he edited tlie 
Transactions of the Highland and Agricultural 
Society of Scotland. He was also a member of 
several foreign agricultural societies, and prior 
to his death received a gold medal from the 
Emperor of Russia. [a. m.] 

Sterility. — This subject is dealt with under 
the heading Barrenness, but it may be con- 
venient in the present article to refer to cer- 
tain causes of sterility not treated of elsewhere. 
Apart from the more special forms of sterility 
due to various kinds of disease, this condition 
may result from lack of sufficient nourishment 
(or of the right kind of nourishment) for the 
developing germ cells in the essential organs of 
reproduction. Even under normal conditions 
many of the ova in the ovary, instead of becom- 
ing mature, undergo degeneration in situ, and 
this process may take place at all stages of de- 
velopment. It is most liable to occur in under- 
fed animals, or in animals which for one reason 
or another are unsuited to their environment. 
When it is very frequent it leads to a reduction 
in the fertility, and sometimes to complete bar- 
renness (at least temporarily). This result is 
due to the great scarcity or even absence of ripe 
ova available for fertilization by the male. The 
efiect of 'flushing' sheep (or of bringing them 
into a good thriving condition) at the approach 
of tupping time is to increase the number of ripe 
ova at this season, and so to improve the fertility 
(see art. Pecunditt). The additional feeding 
when not overdone has the efi'eot of hastening 
the development of the ova in the ovary, and 
preventing them from lapsing into the degene- 
rate condition. 

Infertility may also result from excessive over- 
feeding. In this case the animals come 'on heat ' 
irregularly and sometimes not at all. This is 
due to a disturbance of the ovarian metabolism, 
since it has been shown that 'heat' is brought 
about through the functional activity of the 
ovaries, and probably by an internal secretion 
elaborated in these organs. (See CEstrus.) In 
cows and heifers which have been fattened it is 
common to find deposited in the ovaries a bright- 
orange or yellow pigment, known as lipochrome, 
and it is interesting to note that the presence 
of this substance is often associated with degene- 
ration of ova. 

Barrenness due to excessive fat on the one hand, 
or insufficiency of nourishment on the other, may 
usually be remedied by a return to normal con- 
ditions of feeding, since the degenerative pro- 
cesses do not usually extend to the more imma- 
ture ova (at any rate not to all of them), and 
certain of these are usually able in course of 
time to become fully developed and so ready for 
fertilization. 

Certain veterinarians now state that the drug 
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Yohimbine is a useful remedy for certain con- 
ditions of sterility. However this may be, there 
can be no doubt that it has a specific action upon 
the reproductive system, both in the male and 
in the female, since it causes a marked congestion 
of the reproductive organs, and more particularly 
the uterus and female generative tract. It is ex- 
tremely probable, therefore, that this drug tends 
to promote the ripening of ova and to arrest de- 
generation by providing the ovaries with a rich 
supply of blood and consequently of nourish- 
ment. It is usual to administer Yohimbine by 
the mouth in the form of tabloids, '005 grain 
given twice daily for a fortnight being sufficient 
to cause marked congestion of the external gene- 
rative organs in a bitch terrier. 

Sterility, either partial or complete, may ap- 
parently result from long-continued inbreeding, 
though more evidence is wanted relating to this 
question. It is an ascertained fact, however, that 
many inbred animals {e.g. Dorset Horn sheep) 
that are sterile when crossed with rams of their 
own breed, are nevertheless fertile when crossed 
with individuals belonging to another breed {e.g. 
Dorset Horn ewes when crossed with Hamp- 
shire Down rams). It would appear as if the 
germ cells (ova and spermatozoa) in such inbred 
animals may in some cases be possessed of in- 
sufficient vitality to admit of their uniting with 
one another in fertilization, or of their undergo- 
ing subsequent development if they do so unite. 

Close confinement or change of environment 
may also lead to infertility, for the reproductive 
organs are peculiarly susceptible to external in- 
fluences. In such cases the sterility is often only 
temporary, the organs recovering themselves 
in a short space of time by responding to the 
new conditions. On the other hand, change of 
surroundings is sometimes a remedy for the de- 
teriorating effects of inbreeding. This is said 
to be the case with Thoroughbred horses im- 
ported to Australia, the change of climate hav- 
ing a rejuvenating influence. [f. h. a. m.] 

Sterilization means simply the act of 
making sterile any substance which contains 
microbic life, or, in short, the destruction of 
microbic life. It has another meaning, namely, 
to render incapable of propagating life. The 
methods by which sterilization is effected in 
organic or inorganic substances vary with rela- 
tion to the substance to be sterilized or to be 
rendered sterile. The agencies employed are: 
{a) dry heat, (6) moist heat or steam, and (c) 
chemical germicides. 

Sterilization is one of the most important 
processes to be carried out in the bacteriological 
laboratory, because without sterile material sure 
results would be impossible. Laboratory me- 
thods for this end may be carried out on the 
large scale. 

(a) By Dry Heat. — Platinum needles, points 
of forceps, and other metallic instruments are 
sterilized by heating to dull redness in the 
Bunsen flame ; cover-glasses, microscope slides, 
and all empty glass vessels, by exposure to like 
heat, but in less degree. All glass apparatus 
ought to be placed in the oven when it is cold, 
and the temperature gradually raised to 170° F., 
and maintained at that point for at least one 



hour, the apparatus being left in the oven until 
the oven is cool. 

(6) By Moist Heat. — Steel instruments, the 
temper of which would be injured or destroyed 
by exposure to live flame, are best sterilized by 
being boiled in water for at least twenty minutes 
after the water has commenced to boil. Five 
minutes' boiling will destroy most microbes, but 
may fail to kill spores ; but if the boiling be 
maintained for one hour, all microbes and spores 
are completely destroyed. Steam at 100" C., or 
212° F., sterilizes as effectively as boiling water. 
Most media in which microbes are cultivated, 
other than those containing gelatin, are so steri- 
lized, the time allowed being one and a half 
hour. Gelatin media are best sterilized by 
Tyndall's intermittent method — by exposure to 
steam at 100° C. for fifteen minutes at one time 
on each of three successive days. This process 
is carried out in a Koch or other sterilizer, the 
process being completed at the end of one and 
a half hour. Steam generated at 120° C, under 
a pressure of two atmospheres, kills all micro- 
organic life after an exposure of fifteen minutes. 
This operation is carried out in the autoclave, 
which consists of a strong steel cylinder, the 
covei' of which is clamped by binding screws 
to the body when in operation. The required 
temperature of the steam to be generated is 
determined by the pressure, which is obtained 
by weighting the valve, the pressure being 
indicated by a manometer or pressure gauge. 
The heating is supplied by gas or oil or spirit. 
For materials other than those composed of 
gelatin, an exposure at 120° C. for two hours is 
given, and for gelatin media the temperature 
should never be raised above 105° C, and the 
time of exposure should not exceed three min- 
utes, else the ' setting ' property of the gelatin 
will be impaired or destroyed. 

(c) By Chemical Germicides. — These are uti- 
lized for preparing the skin of an animal about to 
be inoculated or dissected, and the hands of the 
operator, and for destroying cultures and pre- 
parations of microbes when no longer required. 

Sterilization is also the objective point aimed 
at in disinfection (see Disinfectants). Heat is 
a valuable bactericide when applied as dry hot 
air, moist heated air, boiling water, or steam. 
The only practicable mode of disinfecting cer- 
tain fabrics or articles containing feathers, hair, 
&c., such as cushions and mattresses, is by steam 
under pressure. Dry heated air, even under 
pressure, has been found by experiment to be 
inefficient, unless at such high temperatures as 
are bound to scorch. To kill organisms and 
spores, a temperature between 212° and 220° F. 
is necessary, but it has been found impossible 
by dry heated air to obtain this temperature 
in the inteiior of a mattress even after long 
exposures. Steam under pressure, therefore, is 
the most effective method of sterilizing infective 
materials. For this purpose disinfecting appa- 
ratus, called disinfectors, are employed. A good 
disinfecting apparatus should possess the follow- 
ing essential qualifications: (1) its mechanism 
should permit the steam under pressure to pene- 
trate and permeate thoroughly the articles to 
be disinfected ; (2) the temperature of the steam 
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should be between 221' F. and 270° F. ; (3) the 
apparatus should be so provided ■n'ith valves 
that, alternately, hot dry air and moist steam 
within the foregoing range of temperature may 
be passed into the chamber containing the 
articles to be disinfected or sterilized. 

Sterilization is produced in the preparation 
of ' canned ' foods and bottled goods. In the 
process of canning meat of various kinds, fish, 
shellfish, and others, two objects are desired: 
(1) the etfective cooking of the contents of the 
cans, and, thereby, the sterilization of the same; 
and (2) the preservation of the contents from 
the intrusion of micro-organic life. The method 
adopted is to boil or otherwise cook the food to 
be placed in the cans, thereafter to place the 
food therein, and then to solder the lid on the 
can, leaving a pinhole opening in the top of 
the lid. The cans are now nearly completely 
immersed in a boiling fluid until steam freely 
issues from the interior of the can, at which 
stage a drop of solder is allowed to fall upon 
the pinhole opening, thus closing it and sealing 
the contents from the air. As the can and con- 
tents cool and the contained steam condenses, 
the top and bottom of the can assume a concave 
form, due to the creation of a partial vacuum 
inside the can and the operation of atmospheric 
pressure. A can is said to be ' blown ' when 
from any cause the entrance of air, and with it 
microbes, takes place. The contents of such 
cans are liable to give rise to acute poisoning 
from ptomaines or toxins. Most toxins are 
destroyed by boiling for some time, but there 
is at least one toxin, due to a bacillus which is 
sometimes found in flesh meat, which is not 
destroyed at the end of one hour's boiling. 

In surgical work the sterilization of the hands 
of the operator, of instruments, and of the part 
about to be operated upon, is absolutely essen- 
tial before operation if the best results are to be 
expected. [j. gi.] 

Sterilization of Milk. — By sterilization 
is understood the freeing of milk from all living 
micro-organisms, which in ordinary practice get 
into it from the moment it leaves the udder of 
the cow, and in cases of diseased udders some- 
times before the milk is drawn. Even with the 
greatest care, the exposure to air, the passing 
through well-cleaned milk vessels, and all the 
other operations of the farm and dairy which 
the milk undergoes, as well as the subsequent 
distribution to the consumer, add their share of 
fresh microbes to this highly nourishing liquid, 
in which a very large number of them find a 
most suitable medium for their rapid develop- 
ment. Fortunately the disease-producing or- 
ganisms are few in number and comparatively 
rare, but there are many organisms which pro- 
duce changes in the milk which spoil its flavour 
and soon turn it sour. 

Sterilization aims at the complete destruction 
of all these organisms, and such a result is most 
satisfactorily brought about by the agency of 
heat, either alone or, as has sometimes been 
suggested, with the help of certain gases or 
chemical substances. 

This object can only be realized by heating 
the milk to a very high temperature, and where 



perfect sterilization has to be ensured it is neces- 
sary to heat the milk for two hours at a tem- 
perature of 120° C. (248° F.), or for thirty minutes 
at a temperature of 130° C. (266° F.)" Such a 
temperature would be necessary to kill resistant 
spores in dirty milk and to prepare it for use 
in a bacteriological laboratory. Provided the 
milk is clean to start with, a lower temperature 
may safely be used, 120° C. for fifteen minutes 
in the autoclave usually sufficing to make clean 
new or separated milk quite fit for bacterio- 
logical use. Milk heated to such a high tem- 
perature is discoloured, and is quite unfit for 
co mm ercial purposes on account of its burnt 
taste. The opposite extremes of temperature 
belong to the subject of pasteurization (see art. 
Pasteurization), but it is important to note 
that many bacteria without spores can be killed 
at temperatures between 140' and 158° F., whUe 
the death of the tubercle and other pathogenic 
organisms will take place in milk if it is heated 
to 80° C. (176' F.), pro^•ided that all the milk is 
heated to this temperature, including the froth 
formed during heating. This is by no means an 
easy matter, and so with milk which is believed 
to contain any disease germs sterilization is to 
be preferred to pasteurization. In practice, milk 
which has been heated as high as or higher 
than the boiling-point of water, 100' C. (212° F.), 
is said to have been sterilized ; and although, as 
mentioned above, it will not as a rule be free 
from all living spores of micro-organisms unless 
this temperature has been much exceeded, it 
will as a rule keep a considerable length of time 
without undergoing any changes in composition, 
more especially if the operation has been con- 
ducted in bottles which have been sealed up 
while the milk is still at the boiling-point. 
Most germs require some air for their develop- 
ment, and the spores which are usually present 
in the milk will not grow in the closed bottle. 
]Milk prepared in this way will keep, even for 
months, and if the fat globules have been broken 
down, that is, if the milk has been 'homogenized', 
to prevent the cream rising, a very useful and 
lasting product can be obtained. 

There is, however, little doubt that as a food 
sterilized milk compares unfavourably with 
fresh milk ; it has a tendency, if used largely as 
an article of diet, to produce scurvy and also 
rickets in children ; it also has a cooked taste 
which is objected to by many, and is more or 
less of a brownish colour. 

The following chemical changes take place 
in the mUk on sterilization. The albumen is 
rendered insoluble, precipitation beginning at 
70° C, while no soluble albumen is founcl in 
milk which has been heated to 80° C. The 
estimation of the albumen, which should be 
present to the extent of 035 per cent in the 
soluble form, serves as a means of estimating 
the presence of sterilized milk in new milk. 

The enzymes are destroyed at a temperature 
of 80° C, and so are absent from sterilized milk. 
The catalases evolve oxygen when 10 c.c. of 
fresh mUk are shaken with 10 c.c. of hydrogen 
peroxide; this is partly caused by the natural 
enzyme of the milk and partly by those pro- 
duced by bacteria. 
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If fresli milk is mixed with a little hydrogen 
peroxide, and then a solution of gum guaiacuni 
in either alcohol or acetone is poured on the 
surface of the liquid, a deep-blue ring will form 
where the liquids meet. In place of the guaiacum 
solution a little ortol may be shaken up with 
the milk and hydrogen peroxide, in which case 
a red colour is produced ; or if a little para- 
phenylene-diamine be added, a blue colour will 
be formed. All these tests depend on the pre- 
sence of enzymes in the milk, and no colour will 
be produced if the milk has been heated above 
80° C. 

At about 100" C. calcium citrate is deposited. 

It is probably due to the deposition of salts 
and albumen on the surface of the fat globules 
that the cream rises so slowly in milk which has 
been sterilized; but as the fat globules tend to 
run together at a high temperature, thick cream, 
and even butter, may form on the surface of 
bottles of sterilized milk in course of time, un- 
less the milk has been well homogenized. The 
fact that a very small proportion of the cream 
rises on sterilized milk in the course of six hours 
may be used as a means of distinguishing it 
from new milk. 

Sterilized milk cannot be used for cheese- 
making, as it does not respond to the action of 
rennet, this being probably due to the deposi- 
tion of the calcium salts. A better precipitation 
with rennet may be produced by adding soluble 
lime salts if the milk has not been too much 
heated. The destruction of the natural enzymes 
and the precipitation of the albumen and soluble 
lime salts make milk which has been sterilized 
of less value as a food than unlieated milk. 

Partial peptonization may to a certain extent 
overcome these difficulties, and yields a product 
suitable for infants who cannot digest cow's 
milk. The milk is also so prepared as to more 
nearly resemble human milk in composition. 
Sterilized milk can also be used for the growth 
of pure cultures of the Bulgarian and other 
lactic ferments for food, but it does not give 
good results if used for the growth of pure 
lactic organisms for use as starters for butter 
and cheese making. 

Various forms of apparatus have been in- 
vented for the sterilization of milk on a large 
scale, and modern improvements, such as the 
removal of oxygen before heating, and its exclu- 
sion during heating, have resulted in the emer- 
gence of a product with a better flavour than 
formerly. 

The success of sterilizing milk depends very 
largely on the handling of the milk before it 
comes to the sterilizing apparatus, and it is 
absolutely necessary that only very clean fresh 
milk should be used if a satisfactory product is 
to be obtained. It must also be remembered 
that milk which has been sterilized offers a 
field for the growth of many undesirable organ- 
isms free from the competition of the natural 
lactic ferments, which often crowd out other 
taint - producing organisms. For this reason, 
machines in which the milk is sterilized in 
bottles, and in which the bottles can be closed 
before the tank is opened, are to be preferred. 
The bottles are arranged on a perforated drawer, 



run into a large metal tank which can be tightly 
closed by means of a heavy door. Steam is next 
admitted, and the temperature raised to a little 
above the boiling-point of water; after half an 
hour or longer the bottles are closed, and cooled 
in water which must first be hot and only pi'o- 
gressively lowered in temperature or the bottles 
will crack. As the milk cools, a small vacuum 
is left in the top of the bottle, which can be 
tested by giving the bottle a sharp rap with the 
hand, when a sharp click like that of a water- 
hammer will be heard. 

Other machines, such as the 'regenerative 
heater ', may be used for sterilizing the milk 
in bulk, the hot milk flowing past the entering 
cold milk and so saving steam. 

Sterilized milk has little to recommend it 
except in cases where it can be kept for a con- 
siderable length of time without undergoing any 
change, that is under conditions which prevent 
any subsequent infection taking place, {j. Go.] 

Steropus madidus. — This is a ground 
beetle, one of the Carabidse. It is shining 
black, the legs with reddish bases. In length 
it varies from ^ to j in. It is very active at 
night and wanders about, amongst moist vege- 
tation for preference. Curtis records it as feed- 
ing on wireworm, and thus as beneficial. 

It has since, however, been found feeding on 
strawberries with other species and doing con- 
siderable damage. Where this is the case the 
beetles may easily be trapped by placing jam- 
pots or pudding basins in the soil, the tops 
level with the surface of the ground, and bait- 
ing them with meat and sugar water. The 
beetles fall or crawl into these traps with other 
strawberry ground beetles, and so can soon be 
exterminated. [f. v. t.] 

Steward. — The farm steward is one who 
acts as the farmer's chief assistant in the man- 
agement of a farm, and he is responsible gene- 
rally for the execution of the details of the work ; 
in certain districts the name ' bailiff ' or ' grieve ' 
is used in place of steward. On estates, the 
name 'land steward' is applied to the person 
who has general management of the home farm, 
pastui'es, woods, &c., and he is responsible to the 
owner, or to the latter's agent or factor. 

The usual duties of a farm steward are varied 
and numerous. He receives instructions from 
the farmer as to the general cropping of the 
farm, and then sees that the cultivation of the 
land and the harvesting of the crops are carried 
out in a satisfactory manner. He superintends 
the mixing and application of artificial manures, 
the sowing of the various crops, has the keys of 
the granary and food store and keeps the records 
of the grain threshed, with full particulars as 
to the amount used or delivered to purchasers. 
The horse labour and piecework are directly 
under his management. He may have to en- 
gage ploughmen, and to procure the extra hands 
required on special occasions — turnip- thinning, 
haymaking, harvesting, &c. — portion out work 
to them, see that they do it, and pay them when 
it is finished. Ploughmen and wagoners are 
always under his control, and take their daily 
orders from him. 

The steward usually has a house close to the 
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farm buildings, and is at all times the most im- 
portant farm servant, and often capable of giving 
valuable advice on difficult questions of manage- 
ment, [j. M.J 

Stiff Joint. See Anchylosis. 

Stifle Joint. — This joint corresponds to 
the knee of the human subject. In front of 
the lower end of the femur, and upper one of 
the tibia, an irregular -shaped bone called the 
patella is found, having a close resemblance to 
our kneecap, and like it capable of being moved 
from side to side more or less when the limb is 
not flexed. The lateral ligaments are very liable 
to strain, and partial luxation of the patella is 
of frequent occurrence. Many weakly and over- 
grown colts are defective in this joint, and when 
■walking the bone slips out and returns with a 
peculiar clicking noise. Placed in a small level 
paddock and well fed, the majority outgrow the 
trouble without treatment. [h. l.] 

Stilopyg^a orientalis (the Cockroach). — 
This insect, improperly called the black beetle, 
is too well known to require any description. 
It swarms in kitchens, bake offices, &c., where 
it eats the bread, and will nibble shoes, harness, 
and a great variety of household articles. The 
males are winged, but the females are apterous; 
they lay a purselike bag of sixteen eggs, from 
which the young hatch, and immediately run 
about in search of food. Spirits of turpentine, 
or wafers compounded of red lead and flour, will 
destroy them. See Cockroach. [j. c] 

[f. v. t.] 

Stilton Cheese. — Stilton cheese is a pro- 
duct from whole milk, and is one of the few 
varieties of blue-veined cheeses which are made 
in this country. It may be said to be the finest 
of all the varieties of British cheeses. The Stil- 
ton-making industry originated over 130 years 
ago. About that time Stilton cheese could only 
be purchased at the high price of 2s. Gd. per lb. 
at the famous Bell Inn, Stilton, Huntingdon- 
shire, on the Great North Road from London to 
Edinburgh. In those days it was sold in the 
form of a rectangular cheese of small dimen- 
sions, and it was sometimes called cream cheese 
and also brick-bat cheese. Cooper Thornhill, the 
proprietor of this famous Bell Inn, had relations 
in Leicestershire, and one of them — a Mrs. Paulet 
— took up the business of Stilton-making at a 
village called Wymondham, near Melton Mow- 
bray, in Leicestershire. The Stilton industry 
grew and centred round Melton, and now this 
town is the centre of a great Stilton -making 
busine.ss. 

From the dimensions of a cream cheese the 
Stilton has by degrees grown into one which 
now usually weighs from 12 to 15 lb. A full- 
sized cheese is made from 16 gal. of milk. Such 
a quantity of milk would make 14 lb. of ripe 
Stilton. The Stilton is a tall narrow cheese of 
9 to 10 in. height, and 7 to 7^ in. diameter, and 
it is not made in any other shape. Its crust is 
of a drab colour and presents a crinkled appear- 
ance. The crinkled surface is soft, and is liable 
to fracture during transit; and this is no doubt 
one important reason why the importation of 
Stiltons has not as yet been attempted. 

The interior of the cheese should show a luxu- 



riant growth of blue mould from the centre to 
the crust. The blue mould Penicillium and oc- 
casionally Aspergillus will be found to spread 
through the cheese in veins. The parts not 
blue-veined should appear as white as possible. 

The Stilton has undergone a series of changes 
in its methods of manufacture. In the first 
place it was made from milk enriched with hand- 
skimmed cream, while in later methods it was 
made from mixed milk composed of morning's 
milk and that of the previous evening. Here 
we have ripe milk. The milk of the previous 
evening was put into leads provided with plug 
holes for drawing off the skim milk from under 
the cream. Some of this skim milk was drawn 
ofi'and withheld from the milk for cheesemaking; 
thus the evening's milk was enriched. 

In present-day methods added cream is not 
now used for enriching the milk, and Stiltons 
are most successfully made from whole milk 
containing only its own cream. Makers have 
proved that the experiment of adding freshly 
separated cream to the milk for Stilton cheese- 
making does not produce such good results as 
those obtained from normal new milk. 

For many generations Stiltons have been made 
on the two-curd process, viz. a process in which 
a curd of 36 hours is mixed with one 8 hours 
old. This method is practised to some extent at 
present, but it is being partially replaced by the 
single-curd process, where the curd is all of the 
same age when put into the moulds. 

This latter process occupies from 24 to 30 
hours, and the evening's milk contributes to- 
wards a batch of cheeses distinct from those 
made from the morning's milk. The latest in- 
troduction into Stilton-making methods is the 
making of cheese from ripe milk. The term 
' ripe milk ' may here be described as a mixture 
of morning's milk and milk of the previous 
evening. Such a mixture would contain an 
appreciable trace of acidity. In this practice 
it will be found necessary to adopt a 12-hour 
process, and to facilitate whey separation by 
cutting the newly coagulated curd. 

The present methods of manufacture will be 
found to vary considerably even in the Stilton 
district proper. Diff'erent soils call for different 
processes, and variations have to be made accord- 
ing to the influence of local conditions. 

Whatever may be the nature of the soil and 
other local conditions, the maker must strive to 
have these qualities in his curd at the time of 
vatting : — 

1. A curd possessing good flavour, and free 
from flavours which are unnatural to milk which 
has been produced and handled under strictly 
cleanly and hygienic conditions. 

2. A curd containing a definite amount of 
acidity. 

3. A curd possessing a suitable amount of 
moisture. 

4. A curd of loose texture. 

In short, there must be present right propor- 
tions of acidity and moisture, and the curd must 
be in such a condition that it will not blend 
closely together. These are conditions necessary 
for the successful propagation of blue mould in 
a cheese. 
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Methods of manufacture recorded in books 
coincide more or less with Melton Mowbray 
methods. The milk produced round Melton 
may be said to be milk which keeps well, and 
it is in dairies where milk possesses this pro- 
perty that the Melton methods are to be adopted. 
It may be accepted that such methods largely 
comprise the single-curd process (24 to 30 hours), 
and for all practical purposes this may be re- 
garded as the orthodox method of Stilton cheese- 
making, although it must be pointed out that 
where milk does not possess keeping qualities 
the 30-hour process would be quite unsuitable. 
Such a milk calls for the adoption of either the 
double-curd process or a process of 8 to 12 hours. 
There is no doubt that the best Stiltons are 
made from long-keeping milk, which produces a 
curd retentive of moisture. 

Milk which does not keep well produces a 
curd in which there is excessive contraction and 
consequently excessive whey drainage, the result 
being a cheese lacking in moisture. This lack 
of moisture impresses the consumer, and indeed 
sometimes the cheese merchant, that the cheese 
is wanting in fat, and it is designated as ' lack- 
ing in quality '. Such a fault is invariably due 
merely to a deiiciency of moisture. The want of 
moisture is mainly accountable for those chalky- 
textured Stiltons which do not go blue, and on 
which much precious port wine is wasted. Such 
cheeses will not grow blue mould either by 
skewering or by applications of wine. Cheeses 
which are moist, open in texture, and fairly acid, 
will successfully develop mould in a moist room 
without resort to any artificial means. 

On farms where twenty to thirty cows are kept 
the Stilton dairy usually comprises four or five 
compartments. The making room, about 5 by 
4 yd., in which the important work is done, 
requires to be kept at a constant temperature. 
There are two ripening rooms : one for new, 
and one for older cheese. Such rooms are pre- 
ferred with concrete floors, which simplify the 
maintaining of moisture in the room. Concrete 
floors also serve to discourage the accumulation 
of mites and cheese flies. A somewhat draughty 
room on the ground floor is set apart for the 
drying or coating of new cheese. There should 
be effective means of regulating the heat and 
light in all the apartments. A northern aspect 
is preferable for all cheese rooms, whatever 
may be the variety stored, in that high tem- 
peratures in summer, which are difficult to 
control, may permanently ruin a large stock of 
cheese. 

A temperature of 63° F. is recommended for 
the making room and 60° F. for ripening rooms. 
In this business wet floors are inevitable, and 
such floors should have a fall of 1 in 48. The 
dairy should be fairly lofty and well ventilated. 
The windows of a Stilton establishment are fre- 
quently protected with fine wire gauze, which 
will not admit the cheese fly. 

The following is a list of the utensils used tor 
Stilton-making : — 

SeMinq pans— gauged to 15 or 30 gal., in which the 
milk is rennetecT. 

Scoops for removing the curd into cloths which lie in 
the draining trough or sink. 



Cloths 1 yd. square made from straining cloth. These 
cloths hold 2 to 3 gal. of curd. 

Draining troughs, which hold the bundles of curd. 
The trough may be of tin, tinned iron, earthenware, 
or brick. It is fitted with a plug for the drawing of the 
whey. 

Curd sinks or leads into which the curd is emptied 
from the cloths. 

Moulds ^vith open ends for the shaping or vatting of 
the cheese. Each mould stands upon a circular board. 

Tables for sundry work. 

Curd pans for weighing and salting of curd. 

Weighing scales. 

Measuring glasses and rennet. 

A large copper is indispensable as a means of supplying 
hot water. 

The following is a short description of the 
process by which a Stilton could be made on the 
single-curd method: — 

To Make One Stilton 

S a.m. — 16 gal. of fresh morning's milk at 85° F. are 
taken, and rennet is added to coagulate it in 1-^ hour. 
4 dr. of commercial rennet are necessary, and about 
32 dr. of home-made rennet. 

lO'SO a. VI. — The curd is ladled into five or six cloths 
which lie in the draining trough. These cloths are not 
tightened for an hour at least, neither is the whey 
allowed to run off during this period. Acidity in whey 
'12 ('12 per cent lactic acid). 

21-30 a.m.— Cloths slightly tied. 

1^ a.m. — First accumulation of whey allowed to run 
off. 

I p.m. — Cloths again tightened slightly; whey allowed 
to run continuously, 

3 p.m. — Cloths again tightened; the bundles being 
turned over. 

5 p.m. — Curd emptied out of cloths into curd trays. 
Acidity '15. "Whey kept on the curd overnight. The 
draining trough is now free, and a similar process can 
be commenced with the evening's milk. 

7 a.m. next day. — Whey drawn from curd trays. 
Curd cut into 4 in. squares and turned to facilitate 
drainage. 

9 a.m. — Acidity in curd, '4. There should be 28 to 
30 lb. of curd. Curd weighed, broken by hand, and 
salted at the rate of 1 oz. salt to 2^ lb. of curd. 

9'30 a.m. — Curd lightly placed in mould; no pressure 
applied when filled in. "Tlie mould, 14^ in. by 8 in., will 
be quite full of curd. Cheese turned directly afterwards 
and again later in the day. 

This cheese will occupy six to ten days in 
draining. No mechanical pressure is applied. 
It will be turned once daily during this period. 
When sufficiently drained it will shrink from 
the sides of the mould, and will almost hold its 
shape without the support of the mould. 

The rugged surface is scraped to a smooth 
condition with a knife. This is repeated again 
on the following day, but the knife must not be 
applied again if a crinkling formation has com- 
menced. On each occasion when the surface is 
scraped, a calico bandage is pinned on and the 
mould replaced. 

On the third day after the smoothing of the 
coat the mould is removed for good. The cheese 
is placed in the coating room, in which there is 
a free supply of ventilation. In fourteen days 
the cheese should become dry and white in ap- 
pearance. The characteristic crinkle should have 
formed. On each of the first four days of this 
drying process, the cheese is bandaged afresh 
with a dry bandage. For the first three weeks 
the sides of a new Stilton must not be handled 
with the hand. This will destroy the crinkle. 
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The handling and turning must be done by 
the help of boards placed on each end of the 
cheese. 

A well-made cheese, kept at a temperature 
of 60° F., will occupy five months in maturing. 
It is turned daily during its history. Unshapely 
Stiltons are usually termed 'weak'. They are 
rich and moist, and frequently develop the 
growth of mould. They ripen early, but rapidly 
decay. Stiltons which are very shapely and 
straight in their lines are frequently dry and 
' chalky '. The ' weak ' condition is due to in- 
sufficient acidity in manufacture, while the 
chalky condition is due to an excess of acidity. 

In striving to arrive at the medium condition 
of acidity the maker frequently has a consider- 
able percentage of cheeses in his storeroom which 
are under or over the mark. This all means 
loss to the maker, and this is one of the reasons 
■why the high prices for good Stilton are main- 
tained. 

From the foregoing it will be seen that through- 
out the process the temperature of the curd 
was not raised above renneting temperature. 
The curd has lain about in a wet condition for 
a period of over twenty-four hours, and at vat- 
ting it is somewhat of a sloppy creamy texture 
and distinctly acid. During this period of ex- 
posure the curd will have collected much germ 
life from the air, including mould spores ; but 
whether the spores introduced at this period 
hold good for germination in the later ripening 
period remains yet to be proved. 

Stilton makers hold the view that the spores 
which originate in the main, the growth of Peni- 
cillium in the cheese, are those introduced to the 
cheese in the cheese room in the early ripening 
stage when the cheese contains an abundance of 
moisture. [m. b.] 

Stimulant. — Anything which excites or- 
ganic action or calls forth latent energy without 
subsequent corresponding depression or reaction 
is called a stimulant. Some things, like alcohol, 
stimulate in small doses but act as narcotics in 
large ones. Heart stimulants, or vascular stimu- 
lants as they are called, accelerate the circulation 
of the blood : alcohol, ammonia, and camphor, 
for example. Stomachic stimulants are more 
often termed carminatives, but are true stimu- 
lants: ginger, mustard, capsicum, are among 
those employed by veterinarians. Spinal or 
nerve stimulants are represented by such drugs 
as nux vomica and its alkaloids. Cold is a 
stimulant to the skin, and the new born are 
exposed to it in order to set the heart and lungs 
in operation by reflex action. Heat under other 
circumstances may be employed as a stimulant, 
as may electiicity. Mercurial preparations are 
counted as liver stimulants, and nitre as a kid- 
ney stimulant. [h. l.] 

Stinking Mayweed, or Stinking 
Chamomile, the popular names for a com- 
posite weed with a fcetid odour, commonly found 
on cultivated land and in waste places. See 
Chamomile. 

Stipa tenacissima, L. (the Esparto, 
Alfa or Haifa Grass; nat. ord. Gramineae). — 
This is a native of Spain, Italy, and North 
Africa, between 32° and 41° N. latitude. It, or 



perhaps rather the allied grass Lygeum Spartuin, 
was used in ancient times by the Romans for 
cordage, but to an Englishman — the late Mr. 
Thomas Eoutledge of Sunderland — is mainly 
due the honour of having discovered its great 
merit as a paper-making material. In 1839 the 
first effort was made to work it up, and in 1851 
paper made of it was shown at the Exhibi- 
tion of that year. Up to 1861 Eoutledge was 
the only paper-maker who used Esparto, and 
even to-day it is mainly utilized by British 
manufacturers, and chiefly for the paper re- 
quired for printing, its excellent surface taking 
printer's ink in fine lines and half-tones. Al- 
though longer than straw. Esparto is classed as 
one of the shortest paper fibres (as compared 
with cotton and linen), but owing to its very 
small central canal it is non - collapsible — a 
feature of great value. The ends of Esparto 
fibre are moreover solid, and get compressed 
into a hexagonal form, so that in transverse 
section, as seen under the microscope, they re- 
semble a honeycomb. Esparto is shipped from 
Spain, Algeria, Tunis, Tripoli, and formerly 
from Morocco, with smaller amounts from other 
countries where the plant is now cultivated. It 
grows in great clumps and requires little culti- 
vation, at altitudes ranging from the sea level 
up to 3000 ft. It flourishes on sandy and rocky 
soils, and can do with remarkably little rain. 
During harvest the dry ripe leaf is simply 
pulled from the sheath by the hand, and the 
blade then curls around the mich'ib into slender 
reedlike structures, thus carrj'ing the character- 
istic minute hairs of the margin to the interior. 
If properly treated the clumps may yield an 
annual harvest for thirty to fifty years ; but 
unless the grass be gathered at the exact stage 
of maturity. Esparto yields an inferior pulp, 
and if shipped with a mixture of roots or 
other dirt it is greatly depreciated. If loosely 
baled it occupies from four to five ' tons mea- 
sure' to every ton in weight, but when properly 
baled with iron hoops it may be compressed 
into half that space. The reader will find a 
long and highly instructive article on this fibre 
(written by Mr. Clayton Beadle) in Technics 
for May, 1904, while Messrs. Ide and Christie's 
monthly Circulars will be seen to give full par- 
ticulars of the trade. The imports into Great 
Britain have fluctuated since 1903 between 
190,227 and 202,523 tons in 1908. During 1909 
they stood at 193,853 tons, with the price rang- 
ing from £i, 10s. to £4, 15s. for the best Spanish, 
and £2, 12s. dd. to £2, 15s. for fair Tripoli per 
ton. [g. w.J 

Stoat, or Ermine (Mustela erminea), a 
member of the weasel tribe, fairly common 
throughout the British Isles, and especially 
abundant in Scotland. It is larger than the 
weasel, and has a relatively longer tail. A full- 
grown male measures 10 to 11 in., the tail 5 to 
6 in. The female is considerably smaller. The 
colour is reddish - brown on the upper parts, 
white with a tinge of yellow except on the 
throat on the under parts. The tip of the tail 
is black. In at least the northern parts of its 
range, the stoat's fur changes to white in winter, 
the tail tip remaining black. In this condition it 
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forms the well-knowii ermine of commerce; but 
the fur of the short-haired British ermine is not 
nearly so valuable as that of some of the longer- 
haired races of Northern Europe and America, 
and large numbers of these are imported an- 
nually. In the south of England and in Ire- 
land the colour change rarely takes place, and 
even in Scotland it may be delayed greatly by 
a spell of mild weather. The change is due, 
according to Macgillivray's observations, to the 
sprouting of new white hairs, and not, as in 
the mountain hare, to a change in the exist- 
ing fur. The new growth of hair may be red 
if the weather be unusually mild, and ' if there 
are alternations of severe cold and temperate 
weather, the animal may become mottled '. All 
stages of transition between winter and summer 
colouring are found. 

The stoat frequents thickets, stony places, 
old walls, or any locality which affords it suit- 
able cover. It is extremely active and coura- 
geous, taking readily to the water and climbing 
trees after its prey. It tires out its victims bj' 
the lelentless persistence of its pursuit, and even 
animals much larger than itself become para- 
lysed apparently from terror and exhaustion 
when pursued by a stoat. It feeds largely on 
voles, of which it destroys enormous numbers ; 
but it also eats young hares, rabbits, and game 
birds, and may occasionally raid poultry yards, 
destroying or carrying off both chickens and 
eggs. Of late years the stoat has been intro- 
duced into Australia in the hope that it may 
prove a check to the excessive multiplication 
of the rabbits. [j. a. t.] 

Stock (Matthiola). — A genus of Cruciferas 
comprising hardy, half-hardy, and tender an- 
nual, biennial, and perennial herbs or sub- 
shrubs. Stocks are cultivated in almost every 
garden. There are several sections and many 
varieties. The flowers are variously coloured and 
deliciously scented. The summer-flowering Ten- 
week Stocks are derived from M. annua, and 
these plants have lately been greatly improved. 
The Wallflower Stocks, which have shining, 
smooth green leaves, are forms of M. incana. 
Other popular winter - flowering sections are 
the Large-flowered, the Pyramidal, the Inter- 
mediate, and the East Lothian Intermediate. 
In order to become big, floriferous plants, Stocks 
require rich soil. The seeds, which germinate 
best when they are new, should be sown thinly 
in pans or boxes containing sandy soil, the Ten- 
week Stocks in March or April, and the others 
not later than early in July. Over- watering 
causes the seedlings to damp off, and they le- 
quire plenty of light and air from the first. 
They may be pricked off into a bed prepared 
in a cold frame, and the transference to the 
open borders should take place during showery 
weather. Intermediate and East Lothian Stocks 
are particularly well adapted for cultivating in 
pots. Old mortar should be mixed with the 
compost, and manure water given when the 
flower -buds are developing. Stocks kept in 
frames through the winter should be planted 
out in March. The so-called Virginian Stock 
is Malcolmia maritima, one of the prettiest and 
most popular of hardy annuals, which will flower, 



sow itself, come up, and bloom again in the same 
season. [w. w.] 

Stock. See Live Stock. 

Stock- breeding. See arts. Breeding, 
Laws of; Cattle-breeding ; Horses — Feeding, 
Rearing, and Management ; Pigs, Breeding 
OF ; Poultry Breeding, and articles on various 
breeds of live stock. 

Stock Dove (Cobcmba osnas). — This bird is 
about 13 in. in length, and its plumage is bluish- 
grey, with an imperfect bar on each wing. The 
legs are pink, and the bill white at the tip and 
red at the base. The food consists of seeds, 
partly those of weeds such as Charlock, but also 
to a large extent of cultivated plants. It must 
be regarded as mainly harmful. No nest is 
built, but the two buff-coloured eggs are laid 
in a hole in a tree or cliff, the old nest of some 
other bird, or even in a rabbit burrow. 

[j. R. A. D.] 

Stocking of Farms. — Although the ex- 
pression 'stocking a farm' is closely related to 
that of capital, there are many questions con- 
nected with the description and quantity of both 
live and dead stock which require serious atten- 
tion. In the article on Capital a typical case is 
given, and the reader is advised to consult it, and 
to make such modifications in numbers and prices 
as may be applicable to his own case. The farm 
there chosen for illustration is of moderate size, 
and the arable land is supposed to be worked on 
the four-course system. The 400 ac. of plough- 
land includes 200 ac. of corn, 100 ac. of roots, 
and 100 ac. of clover; but it is evident that this 
division need not be followed, and that a very 
different rotation and apportionment between 
corn and live stock may be contemplated. This 
would affect the number of horses, the quantity 
of seed and of artificial manures required, the 
labour bill, and many other items connected with 
capital. It therefore appears necessary to add 
an article on the stocking of farms. It will be 
seen that under the heading Capital the case of 
a Scotch hill farm is given, and also a market 
garden; and these three examples give an idea 
of the varying amounts per acre required under 
different circumstances. 

At present it is intended to enlarge upon the 
middle case, as representing the majority of hold- 
ings in Great Britain. So far as the pecuniary 
aspect is concerned, it will be sufficient to adapt 
the figures given under Capital to any parti- 
cular farm, according to its size, its capabilities, 
its situation, and the objects of the prospective 
tenant. 

The stocking of a farm includes a large num- 
ber of items, as is indicated by the expression 
' live and dead stock', and it would be unpardon- 
able to omit the latter in the present connection. 
Dead stock might be regarded as referring only 
to implements of husbandry and machinery, with 
appliances such as tools and utensils, enumer- 
ated under Capital. It, however, includes much 
more, because no one should enter on a farm 
without setting aside a sufficient sum for labour 
and other expenses that must be incurred before 
any considerable return can be expected. There 
are also the acts of husbandry performed by the 
outgoing tenant for the benefit of his successor 
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■which must be met, as well as compensation 
for the foods consumed by his stock during the 
previous year or two. The payments to the 
waygoing tenant must appear as a portion of 
farm equipment, whether regarded as dead stock 
or as invested capital, and for this reason con- 
stitute important items in stocking any farm. 

Another class of liabilities or of outlay in- 
cludes the first year's, or half-year's rent, rates, 
and taxes; and, what is often forgotten, house- 
hold furniture and expenses, which vary with 
the position and habits of the tenant. If the 
farm were viewed as a business, like a manufac- 
tory or a shop, it might be thought unnecessary 
to mix up private expenditure with capital. But 
in the case of the ordinary farmer it would be 
a mistake to forget that a not inconsiderable 
amount of his capital must be expended upon 
furnishing his house and defraying his personal 
expenses. It seems, therefore, evident that the 
stocking of a farm involves a sufficient fund 
to provide all the objects summarized under the 
head of Capital (vol. iii, p. 96) and indicated 
in the above remarks. 

Live Stock, Number of. — Overstocking is a 
gTave mistake. The head of stock should be 
adapted to the capability of the farm. Over- 
stocking entails perpetual anxiety as to keep, 
and a certain sacrifice, if, owing to failure of 
roots, grass, or hay, the owner is obliged to sell. 
In such cases stock is sure to sell badly, because 
keep is generally dearer. On the other hand, if 
a farm is moderately stocked, the farmer can buy 
cattle or sheep when an opportunity offers; as 
he can hold his stock over periods of scarcitj-, 
which are often followed by a rebound to higher 
prices at no distant date. The overstocked far- 
mer may, it is true, sell out when prices are 
high, but this he probably will not do if he has 
plenty of keep and prefers to maintain his stock. 
It behoves every good farmer to stock his farm 
according to its area and character, and to see 
that his animals are supported for the most part 
upon the natural produce of the land. 

Selection of Stock. — No greater mistake can be 
made by a beginner than keeping the wrong 
sort of live stock. This matter requires to be 
very carefully considered, but a safe guide is 
found in the practice of the neighbourhood. The 
established farmers of a district have gradually 
come to a conclusion as to the best class of stock 
for their particular land, and he is a bold man 
who ventures to introduce a new system. A 
man may have views as to horse-breeding, but 
would be ill-advised to take land in any part of 
the country unless fit for his purpose. The mis- 
takes usually made are of a less glaring nature. 
They do not so much consist in stocking with 
cattle when sheep ought to be supreme, or in- 
sisting on breeding colts on land unfitted for 
developing bone. They are committed within 
narrower limits, and often without changing the 
species of the animal. In stocking a farm it is 
of the utmost importance that fattening should 
not be attempted on breeding land, or the re- 
verse. The greatest judgment may be displayed 
in selecting and buying stock, and the highest 
science may be lavished upon feeding and man- 
agement ; but if it is the wrong sort of stock. 



all these efforts will come to naught. This is a 
practical fact, and also involves a common error. 
The neighbours know; but the person most con- 
cerned may not find out his mistake until it is 
too late. The fact is, that he has made a wrong 
choice as to the stock fit for the land. He should 
have kept a flock instead of attempting to fatten 
tegs. Or, he should have maintained cow stock 
instead of steers. Or, he should have laid in a 
hardier class of both cattle and sheep, and not 
indulged his fancy for highly bred animals. 
Classes of live stock are much more numerous 
than might at first sight appear. It is not merely 
a matter of horses, cattle, or sheep, nor yet of 
breeding versus fattening. Cattle and sheep 
ought always to be brought from poorer into 
richer land, or off high and exposed situations 
into lower and more sheltered ones. The judi- 
cious buyer selects animals which have been 
raised on poor land, feeling confident that they 
will improve in the situation to which he is tak- 
ing them. Pampered animals should be avoided, 
and lambs that have lived hard and been kept 
without cake and corn should be preferred to 
those which have been caked for the butcher 
rather than for the grazier. 

All animals appreciate an improvement in 
herbage and climate, and this fact should be kept 
steadily in view in stocking a farm. One of the 
commonest experiences is, that stock often do 
badly the first year. The writer has seen it fre- 
quently in the case of beginners. A man buys, 
say, ewes, and encounters an unfortunate lambing 
time; or cows, and meets with disappointment 
in the yield of milk, or it may be in the form of 
premature births and dead calves. This is due 
to several causes, the first of which is a change 
of locality, which frequently affects animals. The 
second is, that the best animals are not always 
those sent to market. Animals exposed for sale 
may be drafted stock, sold because they are not 
entirely approved. They may appear cheap, but 
are not so in reality. The third cause is the 
newness of the master and his men, who have 
not as yet quite mastered the peculiarities of the 
farm. It is for these reasons wise to buy at dis- 
plenishing sales, where the entire stock is sold 
off at once, rather than at fairs, markets, or draft 
sales. A newcomer to a neighbourhood is par- 
ticularly liable to misfortunes, because he is not 
quite conversant with the district and its mar- 
kets. 

Choice of Implements. — The amount of capital 
which may be expended in purchasing imple- 
ments is prodigious, and might easily absorb the 
whole sum. Implements, however, ought not 
to represent more than about one-tenth of the 
farmer's capital, and, in order to keep the outlay 
within bounds, the beginner ought to frequent 
sales. It is considered by many good business 
men that new implements are cheapest in the 
end, and this is probably true. When, however, 
capital is limited in amount, it is necessary to 
husband it; and if good serviceable ploughs can 
be bought at a sale for £1 each, it seems foolish 
to give £5 for them new. It is the same with 
carts and wagons, and all other implements; and 
at a good sale, where the stock and implements 
are of a high order, purchases should Ids made. 
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There is also the question of the more expensive 
and elaborate machines; and on this point it is 
recommended that a beginner should purchase 
as few of them as possible. In these days, steam 
cultivation can be carried out on the contract 
system, and the same is true of threshing and 
chaff-cutting. Cake can be bought ready crushed, 
and beans already kibbled or ground up. Even 
meal can be ground at a trifling cost; and by 
taking advantage of these modern facilities, 
hundreds of pounds of capital may be saved. 
Let anyone put down the cost of a portable 
engine and threshing machine, chaff cutter, cake 
breaker, mill, &c., and he will soon account for 
.£1000, and still more if he includes a set of 
steam-cultivating tackle. So-called labour-sav- 
ing machines are very attractive, but should 
not be purchased unless they actually lower the 
cost of labour, horse or manual. In many cases 
they do not, as exactly the same number of 
men, lads, and horses are required on the farm 
as were necessary previously. The questions of 
efficiency and rapidity are, of course, important, 
but the writer entertains a strong objection to 
labour-saving implements which save no labour, 
as represented by wages and horse keep during 
the year. 

Michaelmas and Lady Day Entries. — The usual 
time for entei'ing farms in England is Septem- 
ber 29, or Michaelmas Day, and in Scotland, 
Martinmas, November 11, and Whitsunday, 
May 15. In some districts of the west of 
England old Michaelmas, or October 11, is still 
observed, especially in engaging farm servants. 
Lady Daj', March 25, is also a favourite term 
day, and possesses the advantage that business 
is commenced just before the grazing and 
growing period of the year. Less capital is 
necessary for a Lady Day than for a Michaelmas 
entry, as the tenant will reap a harvest within 
six months of entering his farm, and he also 
comes into the immediate receipt of all the re- 
turns from grazing, dairy produce, wool, poultry, 
&c. Neither is he called upon to spend money 
on cake and corn, and the farm is to a great 
extent self-supporting. Instead of disbursing 
money continuously for six or seven months 
during a dead season when little is produced 
from the land, he enters at once on a period of 
fruition which eases the strain upon capital. 
His first half - year's rent can be paid out of 
revenue, and need not be looked upon strictly as 
capital. These are palpable advantages, but in 
spite of their attractiveness the Michaelmas entry 
is in many respects preferable. It is no small 
advantage to be able to arrange cropping before 
the actual sowing time arrives ; to make, and 
place, the dung where it will be needed; to culti- 
vate the ground during winter upon the most 
modern principles, and to settle into possession 
in ample time for early sowing and arranging 
spring work. Still, more capital is needed, and 
the returns are either much slower in arriving, 
or they are produced at greater expenditure. 

Methods of Entering Farms. — The two methods 
of entering on a farm are by valuation or by 
what is termed ' working in', and the latter plan 
is decidedly the most economical. It is usually 
adopted by men who are already settled in near 



proximity to the farm they have taken. In such 
case a farmer will perform his own tillages at 
a less cost than by valuation. Eights of pre- 
entry are granted in all cases to an incoming 
tenant both as regards Michaelmas and Lady 
Day entries. He is entitled to enter upon land 
intended for wheat, and to plough and clean 
stubble. In spring he can enter upon land 
cleared of roots, to sow spring corn and grass 
seeds, and the outgoer is bound to consume his 
fodder crops and roots in good time so as not 
to interfere with his successor's tillages. 

In entering by valuation the outgoing tenant 
is supposed to carry on the cultivation of the 
farm as if he were remaining, and all the tillages 
and acts of husbandry expended upon root and 
fodder crops not yet consumed are valued on a 
prescribed scale. In some districts this scale is 
extremely liberal to the outgoing tenant, and in 
this respect it is objectionable to the incomer. 
It is true that as he enters so he quits, but it is 
possible that when this event occurs his successor 
may elect to work himself in, and save the till- 
ages. There is, however, little choice in the case 
of a stranger from a distant county, or in that 
of a young man beginning business who has 
neither horses nor implements. Valuation is 
therefore a frequent method, and the process of 
entering is much shortened and simplified by it. 

Landlord Primarily Liable for Tillages. — In 
all changes of tenancy the quitting tenant has 
a claim against the landlord for all acts of hus- 
bandry and improvements (see Agricultural 
Holdings Acts) which actually increase the 
rental value of the land. So far as tillages and 
compensation for foods and fertilizers are con- 
cerned, the landlord is also primarily liable, but 
in most cases the claims are paid by the incom- 
ing tenant as the person benefited by them. 

Payment for Tillages not Dependent on Results. 
— It may appear at first sight unreasonable to 
be charged for tillages on a crop which has 
failed. It is, however, clear that no outgoing 
tenant would undertake the risks of failure due 
to the season. Unless it can be shown that due 
care was not taken in executing the tillages, the 
incomer must pay irrespective of the success of 
the crop. An entry is much more satisfactory 
when the roots are successful, but in valuing the 
tillages the weight of the crop is not taken into 
account. The principle acted upon is remunera- 
tion for work done, and the risk rests on the 
incomer, as it would have done had he worked 
himself in or been in the position of occupying 
tenant. 

Barred Tillages. — No tillages are payable upon 
any crop which the previous tenant has realized. 
On this principle there are no tillages after corn, 
potatoes, or any crop sold off the farm. There are, 
however, half-tillages on crops partly realized, 
as when roots have been consumed upon the 
land, leaving the manurial effects for the benefit 
of the incomer. The method of estimating the 
value of half-tillages varies with the locality. 

Compensation for unexhausted improvements 
over and above ordinary tillages includes pay- 
ments for foods purchased, and home-grown corn 
fed on the holding ; residual effects of lime, 
clialk, marl, &c., applied several years previous 
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to quitting ; work done for which the incomer 
will receive benefit; and all improvements which 
are of distinct value to the landlord or the new 
tenant. See alsoarts. on Capital; Agricultural 
Holdings Acts ; &c. [j. wr.] 

Stomach Staggers.— Both horses and 
cattle are liable to this disease, the symptoms 
of which differ very much from those described 
under the heading Staggers. A general ten- 
dency towards coma or sleepiness and a profound 
lethargy, rather than excitement or falling 
down in fits, mark stomach staggers. The horse 
swings his head outdoors and walks with a 
staggering gait. Some lower the head almost 
between the knees, and seem unable to go for- 
ward. In the stable the animal is more often 
found with his head pressed against the manger 
or a wall, with slow and laboured breathing, 
and corresponding pulse. Cows suddenly go 
off their milk, stop feeding and cudding, respi- 
ration is slow, pupil dilated, and a disposition 
to knuckle over on the fetlocks is observed. 
There may be some diarrhoea at first, but this 
is invariably followed by constipation — a symp- 
tom common also to equines. As the symp- 
toms advance, snoring is noticed, and the animal 
appears to be blind; if at liberty, walking into 
collision with solid objects and seeming bewil- 
dered. That this form of staggers is due to 
overloading and acute indigestion having a 
special influence on the brain there is no doubt, 
but certain kinds of food give rise to it without 
perhaps being indulged in to excess. Eye grass 
which seeds prematurely in dry seasons, or ex- 
cessive amounts of green rye corn, will produce 
it. Hot weather and scorched pastures and 
absence of sufficient water contribute to stomach 
staggers, but stabled animals sometimes suffer. 
Treatment. — Almost immediate relief follows on 
the abstraction of a few quarts of blood from 
the jugular vein. Purgatives are advised, but 
the bowels do not always respond at first, and 
care must be exercised not to excite superpurga- 
tion when the nervous energy has been restored 
and the peristaltic action resumed. [h. l.] 

Stomoxys calcitrans, Linn. (fig. 1, the 
female; 2, magnified), is a two-winged fly, which 
is abundant in summer and autumn, torment- 
ing cattle in hot and showery weather by pierc- 
ing their legs and occasioning their continual 
kicking. It is also ver^' annoying in houses, 
and exceedingly like the house fly [Musca domes- 
tica), being principally distinguished by its long 
and horny proboscis. It is grey or olive-brown, 
with black bristles ; a glossy, whitish face, and 
a black stripe on the forehead ; the drooping an- 
tennte have feathered bristles (fig. 3, magnified), 
and the palpi are short ; the eyes remote in the 
female, and brown ; the proboscis projects nearly 
horizontally (fig. 4, the head in profile, magni- 
fied) ; the thorax has four black stripes, and the 
body is apparently four-jointed; the second and 
third segments with tliree brown spots, the 
fourth with only one ; wings transparent, second 
cell open at the apex, third with a transverse 
nervure; balancers, oclireous; legs, slate-colour; 
knees, ochreous ; expanse, seven lines. 

This fly, also called the Storm Fly, enters 
houses mainly before and during rainy and 



stormy weather. The female lays her eggs in 
horse droppings and manure heaps, especially 
according to Newstead in heaps of grass mow- 
ings. The maggots are creamy-white and foot- 
less, like those of the house fly, and measure 
not quite ^ in. when mature. The larval stage 
lasts fourteen to twenty-one days, but may be 
retarded. The process of pupation takes about 
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two hours, and then the puparium hardens into 
a barrel-shaped brown body, length about i in. 

[f. v. T.] 

Stones, Building The requirements of 

a good building stone are resistance to atmo- 
spheric weathering, a low power of absorbing 
moisture, and a structure that allows of equable 
trimming in any desired direction. Extreme 
hardness, as in some quartzites, blunts the tools 
used to such an extent as to render the working 
of the stone uneconomic. "Where granite lies 
near at hand, it forms a first - class building 
stone. Limestone and sandstone are favourite 
materials, owing to their uniform texture in 
considerable masses, and the comparative ease 
with which they can be worked. In selecting 
a building stone it is always well to examine 
the surfaces of old quarries where the rock has 
been long exposed to weathering, or, still better, 
the cut stones of old buildings or of dated tombs. 

[g. a. j. c] 

Stones, Building, Preservation of. 
— The susceptibility of stones to weathering 
becomes an important consideration when stone 
is employed for structural purposes. For ordi- 
nary stone walls dividing fields, all that is 
required is that the blocks shall remain in place 
one upon another; but the same stones, when 
used for walls fronting main roads and for farm 
buildings, require selection with far greater 
care. The smooth face and rectangular form 
imparted to stones used in building reduces the 
amount of surface exposed, and is in itself an 
aid to preservation. But even a well-trimmed 
stone betrays weakness after a time, especially 
by scaling of the surface ; while limestones are 
especially subject to decay through irregular 
solution. Scaling is sometimes set up through 
the dressing of the face with unduly heavy 
tools, which jar some of the constituents into a 
loosened state. Preservation of the stone is then 
usually impossible. But frequent painting of 
the surface of sandstones that tend to scale, or 
to show irregularities due to internal struc- 
tures, is often effective in the case of buildings 
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outside the atmosphere of towns. Oil and paraf- 
fin have been applied to various stones. Syl- 
vester's solution, which is made by mixing -| lb. 
of soft soap in a gallon of boiling water, and 
adding -h lb. of alum dissolved in 4 gal. of water, 
has been successfully employed, but, like paint, 
should be renewed. A highly scientific method 
is that of Ransome, in which calcium silicate, 
insoluble in water, is formed on the stone and in 
its interstices by soaking the surface with soluble 
sodium silicate (water-glass), and then adding 
calcium chloride. Sodium silicate or potassium 
silicate may be used alone, whei-e there are cal- 
cium salts in the rock ready to combine with 
the silica thus supplied in a soluble condition. 

[g. a. j. c] 

Stones in Soil. — The coarser more or less 
unweathered rock - fiagments or stones which 
exist in most soils have an important influence 
on the fertility of the laud in which they appeal: 
By tending to diminish evapor- 
ation from the surface of the 
ground, stones economize the 
supply of soil moisture, and thus 
help to increase the capacity of 
the soil for crop production. 
WoUny showed that their pre- 
sence in the soil also effectually 
raised its mean temperature, but 
that the same cause operated un- 
favourably by widening the range 
of variation of the soil tempera- 
ture. On the whole, according 
to the same authority, the crop- 
ping capabilities of the land in- 
crease with the proportion of 
stones up to an optimum which 
corresponds with a stone-content 
of 10 to 20 per cent by volume 
of the soil, but beyond this pro- 
portion the fertility of the land 
diminishes. As stones possess but a small sur- 
face compared with their mass, they contribute 
very little plant food to the soil. They are like- 
wise a hindrance in all arable lands to the pas- 
sage of tillage implements ; in clays, however, 
when they occur at depths out of reach of the 
plough, they can be of considerable advantage 
for the promotion of drainage. Stones increase 
in numbers at the surface of the ground from 
the washing away by the rains of the finer earth 
into the subsoil or ditches. [t. h.] 

Stones in the Bladder. See Bladder, 
Diseases of ; Calculi. 

Stones in the Kidney. See Kidnet, 
Diseases of. 

Stooks and Stooking. — A stock is a 
collection of sheaves of grain or other crop, set 
up in the field for the purpose of drying the 
grain and straw. The word mainly belongs to 
Scotland and Northern England, the correspond- 
ing word generally used elsewhere in England 
and in America being shock. Grain of all kinds, 
and grass seeds, when harvested in most coun- 
tries, are seldom suflSciently dry to be threshed 
or stored. In order, therefoi'e, to promote dry- 
ing, by exposure to the sun and air, the sheaves 
are set up on end, generally in lots of from six 
to twelve, each lot being called a stook or shock, 
VOL. XI. 



and the work of setting up, stooking or shock- 
ing. 

The sheaves are set up on end by placing two 
opposite each other, with their butt ends about 
18 in. apart for shoi't straw and 2 ft. where it 
is longer. The heads of the two sheaves are 
then brought together, each sheaf being firmly 
pressed against the other at the bands, so as to 
securely fix them, yet leave them in an upright 
position, but with sufficient slope at the sides 
to resist being blown over by moderate wind. 
The first pair or two pairs of sheaves which are 
set up, should always form the centre of the 
stook, and looked at from the side, they should 
stand perpendicular. Other pairs of sheaves 
should afterwards be placed at each end of those 
first set up, care being taken to set up an equal 
number of pairs on each side of the central paii-. 
Each of these pairs should lean only a very little 
towards the central pair. The end of the stook 




stook or Shock of Wheat 



should always face the prevailing wind of the 
district, in order that the current of air passing 
through the stook may more or less dry every 
sheaf in it, and also because a well-built stook 
withstands wind pressure very successfully from 
that direction. In Scotland the direction should 
be south-west and north-east, or to where the 
sun is about one o'clock. Stooks so set up get 
the sun on the one side during the forenoon, and 
on the other in the afternoon, which in a dull 
or late season is a great aid to uniform drying 
of the crop. 

Seeded grasses, or very short grain, paiticu- 
larly if it contains grass or clover, should not 
be put up in stooks containing more than four or 
six sheaves, but long grain, and especially wheat, 
should have from ten to fourteen sheaves in 
each stook. In wet districts or in late seasons, 
hood sheaves are often put on the top of each 
stook. If of wheat, the sheaves are bound some- 
what near the butt end, and placed on the top 
of the stook in such a position that the butt 
ends meet in the middle, where they are slightly 
pressed into each other and form the apex of 
the roof of the stook. Before being laid in 
position, the sheaves are slightly opened on the 
under side, so as to lie better on the top of the 
stook. Where oat stooks are hooded, the heads 
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of the sheaves are generally put to the centre 
of the stock. [j. s.] 

Store Beetle, a small, brightly coloured 
beetle destructive to dried store goods, such as 
hair, feathers, wool, &c. See Anthrenus. 

Store Cattle are lean animals intended for 
fattening, and are usually of any age from six 
months to two and a half years or three years 
old, and of either sex. At from nine months 
to a year old they are called ' stirks ', and at 
eighteen months they are often known as ' six 
quarters'. Store cattle are, as a rule, bred 
on the higher and poorer farms of England 
and Scotland, and in the dairy districts of Ire- 
land. In Scotland they come from the crofting 
districts and from the Highland glens, from 
which they are picked up by dealers in twos 
and threes. A small proportion come from 
Orkney and Shetland, and the best sorts of 
these islanders are highly esteemed by feeders. 
A considerable number of Ayrshire and Ayr- 
shire cross bullocks are obtained in the south- 
west, along with some Galloways and Galloway 
crosses. In England the cheese- and butter- 
producing districts of the Pennine chain raise 
many fine stores of nearly pure Shorthorn blood, 
while the Border counties supply the incompar- 
able blue-greys. From Wales come the black 
horned Welsh ' runts ' so popular in the Mid- 
lands and round London. The great reservoir 
of store cattle, however, is Ireland, from which 
there flows a constant stream of all ages and 
qualities to be sold privately or by auction in 
the larger market towns of Great Britain. As 
a rule, store cattle are relatively higher in price 
than fat cattle, and the difference in recent 
years has generally been too small to leave 
much profit to the feeder. In many cases stores 
have been bought at a price per cwt. little 
if at all less than that of finished animals, 
thus rendering a profit practically unattainable. 
The management of store cattle depends on the 
age at purchase. Calves are kept in a thriving 
condition for a year or eighteen months, and 
'six quarters', if home bred, may be finished off 
in six months, but are usually kept for a year 
or more if Irish. All older cattle are generally 
fed off as soon as possible. During the past five 
years the importation of Irish cattle into Britain 
amounted to 470,361 in 1904 ; 4.55,667 in 1905 ; 
473,425 in 1906; 492,790 in 1907; and 528,386 
in 1908. Of those imported in 1908, 458,794 
were stores for fattening, 41,711 were milch 
cows, and 27,881 were springers ; but in addi- 
tion to the 458,794 stores there were 64,850 
calves. The average price for first-quality store 
stock of Shorthorn type in August, 1909, were: 
Yearlings, £9, 18s.; two -year -olds, .£13, 15s.; 
and three-year-olds, £17, 10s. [r. b. o.] 

Storm Fly, a two-winged fly, very like the 
ordinary house fly, which torments cattle in 
hot and showery weather. See Stomoxts. 

Straightening of Marches. See art. 
March Fence. 

Strainers, Milk. See Dairy Appliances. 

Strangles, an infectious disease of equines 
with catarrhal symptoms at first indistinguish- 
able from common colds, but usually associated 
with more depression and lassitude — a sign 



which increases with the formation of abscess in 
the glands, most commonly the submaxillary. 
A rise of temperature and general febrile con- 
ditions are noted. Colts at grass and between 
two and five years of age are the most frequent 
subjects, but horses of any age may have it. 
When stabled animals of mature years develop 
strangles it is usually in a less acute form, and 
has received the name of bastard strangles. 
There are periods in which the disease is spe- 
cially active and more acute than others, and it 
is supposed that aerial infection is a common 
method of communication. The disease is of 
greater severity and increased infectivity in 
close quarters, as on shipboard and in dealers' 
stables. Tlie period of incubation is from four 
to eight days, but conditions leading to ordi- 
nary catarrh may develop the malady in a day 
or two. The swelling under the jaw gives rise 
to symptoms of sore throat and difficulty of 
deglutition. At first the animal may be ob- 
served to nod the head towards the breast ; 
later, he pokes out the nose as the space be- 
tween the lower jawbones fills up with pus and 
becomes painful. During this period appetite 
is in abeyance, and temperature highest. In a 
simple uncomplicated case the abscess ripens in 
a few days, the skin is tense and painful to the 
touch, a soft place or 'point' (see Abscess) is 
discovered, and some measure of pain may be 
prevented and recovery hastened by the judi- 
cious insertion of the lancet and evacuation of 
the contained pus. So much injury results from 
premature incision of the swelling that it is 
better to leave it to break spontaneously if the 
operator is in doubt as to its ripeness. Although 
horses fall away in flesh and show e'l'ident signs 
of weakness during an attack of strangles, their 
recovery is usually rapid; and it is observed that 
they thrive so well upon a generous diet that 
many breeders do not regard strangles as an 
unmixed evil, but credit the abscess with elimi- 
nating some morbid material from the body, to 
its advantage. Good hygienic conditions are 
important, and colts should not be allowed to 
bunch up together in a dirty shed upon stale 
litter, where perhaps the matter has already 
fallen from a previous subject. Poulticing and 
the application of mild liniments promote sup- 
puration and curtail the illness. Scalded foods, 
bran and linseed mashes, sliced carrots, and 
other easily prehended and masticated food 
should be provided. Iron and gentian as tonics 
are recommended in the convalescent stages. 

[H. L.] 

Strath. — This term is used in Scotland for 
a broad vallej', and with special reference to its 
floor, in which alluvial deposits will generally 
be conspicuous. In the mountainous districts, 
the strath forms the natural highway and means 
of communication, and supports, by its agricul- 
tural possibilities, almost the entire population. 
Strathearn is a typical example of a rich alluvial 
valley in the foothills of the Highland border. 

[g. a. j. c] 

Stratigraphy. See art. Geologt. 

Straw. — Crops that are primarily grown for 
the seed they produce are commonly referred 
to as 'straw crops', the term 'straw' being 
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applied to the air-dried stems and leaves from 
which the seed is separated by threshing opera- 
tions. 

The common straws may be classified into 
cereal straws (wheat, rye, barley, oat straw) 
and leguminous straws (bean, pea straw). These 
straws are mainly utilized either as food for 
cattle or as litter. The nutritive value of straw 
is usually low, but depends largely upon the 
degree of ripeness of the crop when harvested. 
From the time that seed formation commences 
there is a steady transference of nutritive ma- 
terials from the stems and leaves of the plants 
to the seed, accompanied by a rapid lignification 
of the stems. Hence the more completely the 
seed is allowed to ripen, the more thoroughly 
will the straw be exhausted of the most valu- 
able nutritive matters, and the harder and more 
difficult to masticate will it become. The nu- 
tritive value of straw is determined very largely 
by its content of digestible carbohj'drates and 
fibre, and by its hardness or toughness. The 
albuminoid content is always low, i-anging from 
about 3 per cent in the cereal straws to 8 or 
9 per cent in the leguminous straws, little more 
than one-third of these amounts being digestible 
true albuminoid. The upper portions of the 
stems are usually appreciably more nutritious 
than the lower portions. Moreover, any con- 
ditions that tend to hamper seed formation, 
e.g. drought, 'laj'ing' of crop, &c., will leave the 
straw richer in digestible nutrients than under 
normal conditions. Manuring has but little in- 
fluence upon the nutritive value of straw. 

The cereal straws rank as foods amongst the 
poorest in albuminoids, and richest in crude 
fibre. In general, the lower the content of crude 
fibre the more nutritious will the straw be. This 
largely explains the superiority of the straw of 
the rapidly-grown summer cereals (oats, barley) 
over that of the winter-sown cereal crops (wheat, 
rye), or the straw of spring-sown oats over that 
of winter-sown oats. 

The leguminous straws are appreciably more 
nutritious than the cereal straws, being richer 
in albuminoids and less burdened with crude 
fibre. Bean and pea straw of the best quality 
are fully equal in feeding value to good meadow 
hay or medium clover hay. They are liable to 
deterioration by fungoid attacks, however, and 
difficult to harvest in the best condition. They 
also require greater caution in their use. (For 
detailed information of the different straws, see 
Fodder, Barley Products, Bean Straw, &c.) 

Repeated attempts have been made to convert 
straw into a softer and more digestible con- 
dition by heating with soda lye under pressure, 
whereby the straw is reduced to a soft, more or 
less pulped condition. The nutritive value of 
the straw is greatly increased by this treatment, 
but the cost of production is at present too high 
to admit of any extended commercial applica- 
tion. 

The use of straw as litter for farm animals is 
universal. Wheat straw is commonly regarded as 
the cleanest and most suitable for this purpose, 
barley straw being softer in texture, and often 
brittle and dusty. Moreover, oat straw (often 
barley straw) and the leguminous straws can 



usually be more profitably utilized as food. For 
further details, see Litter. 

The amounts of straw that are used for pur- 
poses other than the above are comparatively 
small. Reference may be made to the occa- 
sional use of straw in paper-making ; the straw- 
plait industry, for which special varieties of 
straw are cultivated in some districts ; and such 
minor uses as the filling of cheap mattresses 
and the packing of fragile goods. [c. c] 

Strawberry. — The garden strawberries are 
probably derived from three species of Fragaria 
(nat. ord. RosaceEe) — F. vesca (a native plant), 
F. chiloensis (South America), and F. virginiana 
(North America) ; and there are three races of 
them — the English or large-fruited (by far the 
most important in this country), the Alpine, and 
the so-called Perpetual-fruiting. It might well 
be supposed that the name Strawberry arose 
from the practice of laying down straw among 
the plants; but this is not so. It is undoubtedly 
a corruption of strayberry, this name having re- 
feience to the manner in which the plants throw 
out runners, and thus tend to 'stray' from the 
garden back to the woods. It is not known pre- 
cisely when strawberries were first cultivated, 
but it was not until the Middle Ages; and the 
large-fruited kinds do not date back more than 
150 years, while it was not until the early part 
of the 19th century that varieties approaching 
in excellence those of to-day were produced. 
Numerous fine new sorts continue to appear, 
but there is a tendency to breed for size and 
appearance of fruit rather than for firmness of 
flesh and superior flavour. 

Garden Cultivation. — Strawberries will grow 
in any fairly good soil, but a rich sandy loam, 
which does not, however, readily dry up, is the 
best. Heavy soils are not suitable for straw- 
berry cultivation on a considerable scale unless 
specially treated, and very wet land is not good. 
It is preferable to trench the soil, and it should 
be liberally enriched with manure. Summer 
planting is the best, using the earliest runners ; 
but where this is not possible, early autumn will 
do. Again, runners out of pots or from a nur- 
sery bed may be planted in February or March. 
The planting distance is very variable, depend- 
ing on the length of time it is proposed to leave 
the plants in the beds, the vigour of the variety, 
and on individual taste. For example, 2^ ft. 
apart each way is not too much for plants of 
Royal Sovereign; but some growers plant only 
18 in. apart, leaving a wider alley, say, after 
every third row; or the plants may be put in 
closely at first, and every other one removed 
after the first crop of fruit. It is not uncom- 
mon to see strawberry beds in gardens, which 
are five, or eight, or even more, years old. This 
is a great mistake. Personally we should make 
a fresh bed on a different site after the third 
year, while there are growers who favour the 
plan of allowing early varieties to produce only 
one crop. Another prevalent error is to permit 
the beds to become choked up with runners, 
whereas all those which are not required for 
propagation should be cleared off soon after 
they appear. Some growers mow down the old 
foliage with a scythe; but while it is well to 
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remove it, this should be done carefully so as 
not to injure the new crop of leaves. We 
favour the practice of mulching in spring with 
long stable litter, first applying a dressing of 
lime to check insect pest. The litter will be 
washed clean by the time the fruits swell, and 
■will then serve the purpose of that dressing with 
clean straw which is essential to preserve them 
from being spoilt by heavy rains. Weeds must 
be constantly kept down, and it is labour well 
repaid to water copiously and repeatedly should 
the weather be dry when the plants are swelling 
their fruit. Do not dig deeply among straw- 
berries, but surface stirring of the soil is bene- 
ficial. Should a very large number of blossoms 
successfully set, it is a good plan to remove some 
of them so as to encourage the bearing of fine 
large berries only; the lowest blossoms produce 
the earliest and finest fruit. We recommend the 
culture of early, mid-season, and late varieties to 
provide fruit over as long a season as is possible. 
Where strawberries are grown on a small scale 
it is often necessary to net them to keep off the 
birds. 

Varieties. — These are very numerous, a great 
number of them being inferior and obsolete, 
and there is rarely occasion to go beyond the 
following small selection : Royal Sovereign, an 
excellent all-round variety; King of the Earlies; 
Noble, early and a good cropper, but inferior in 
colour and in flavour ; Sir Joseph Paxton, an 
old sort, but firm of flesh, of fine flavour, and 
splendid for travelling ; The Laxton, considered 
by its raisers to be superior to Royal Sove- 
reign; Bedford Champion; British Queen, un- 
surpassed for flavour, but does not do well in 
all localities ; Givon's Late Prolific ; and Latest 
of AIL 

Strawberry Forcing. — This is a considerable 
industry, particularly so on the South coast, 
though prices have declined somewhat of late 
years; and in private gardens containing a fair 
amount of glass a few strawberries should cer- 
tainly be forced. The finest and earliest runners 
are selected from plants which have not been 
allowed to fruit, and are rooted in good soil in 
3-in. pots, being subsequently transferred singly 
into 5-in. or 6-in. pots, in a compost of good turfy 
loam with some leaf mould or well-rotted cow 
manure. They are kept growing vigorously 
throughout the summer, and on the approach 
of winter are turned on their sides to keep out 
excessive moisture, or else placed in a frame. 
They are taken into a heated greenhouse from 
December onwards as required, being placed as 
near the glass as possible, and stood in saucers 
or on turves, the finest plants being picked out 
for the eai'liest batches. The temperature should 
not exceed 45^ to 50' F. at first, and it must be 
moderate until the berries are set, when it may 
reach 75° with sun heat. It is well to keep the 
plants a little drier at the roots than usual when 
they are flowering, and they should be fed when 
the berries commence to swell. An extra early 
crop is the most profitable, but in private gar- 
dens a succession of fruit until that from outside 
comes in is more to be desired. Royal Sovereign 
is an excellent variety for forcing. Viconitesse 
H. de Thury and Keens' Seedling are also forced. 



Mildew and Red Spider may prove troublesome 
under glass. 

Alpine Strawberries. — These are of good flavour, 
but are as yet but little grown in Great Britain. 
Continental growers usually raise them from 
seeds, treating them as annuals and biennials. 
Belle de Meaux, Bergen, Janus, Blanc, and 
Rouge Am^liore are the most popular varieties. 
Perpetual StrawbeiTies. — These, which are 
crosses between the English and the Alpine 
Strawberry, also have but little vogue in this 
country ; but this is largely because wrong 
methods of cultivation have been adopted, and 
they are now increasing somewhat in popularity. 
It requires to be understood that the best suc- 
cessional crops of fruit are not produced upon 
the old stools, but on the first and second runners 
of the current season. Thus runners should be 
encouraged as much as possible, and plenty of 
room left for their pegging down. Some run- 
ners may be layered in pots and taken indoors 
for autumn fruiting. Jeanne DArc, S. An- 
thonie de Padoue, St. Joseph, Oregon, and Louis 
Gauthier are the best kinds. [w. w.] 

Field Cultivation'. — Of late years the field 
cultivation of strawberries has become an im- 
portant industry in many parts of the country, 
more especially in the counties of Kent and 
Hampshire, and on the banks of the Clyde in 
Scotland; the soil and climate of these dis- 
tricts appear to be naturally favomable to the 
crop. Strawberries as cultivated in the open 
fields are an uncertain crop: in some seasons it 
may prove to be highly remunerative, in others 
the margin of profit may be very slight. The 
finest blooms may be completely destroyed by 
late spring frosts, or a wet fruiting season \vill 
injure the quality and keeping power, and con- 
siderably reduce the market value of the fruit. 

Cost of Oultication, — The cost of renting suit- 
able land for strawberry growing may amount 
to anything from £2 up to £5 per acre ; the 
breaking up and planting of new ground will 
cost from £20 to £30 per acre ; while bastard 
trenching old plantations will often cost more 
than £10 per acre. Much of the land under 
strawberry cultivation is ploughed to a depth 
of from 12 to 15 in. at a cost of from \os. to 30s. 
per acre. 

The strawberry grower's year of preparation 
commences in October, when he has to prepare 
the ground for the runners, the soil having 
been first summer-fallowed. In garden cultiva- 
tion it is customary to plant specially layered 
runners in July, but with the majority of 
growers little planting is done before October, 
when the work is often continued into May. 
A heavy coating of manure is the first essential, 
and anything from 30 to 40 tons of dung or 
nianure is applied per acre ; the average cost of 
this manure delivered on the farm and applied 
to the field may be from 7s. 6d. to 8s. 6d. per 
ton, while the cost of spreading may be esti- 
mated at from 2s. to 2s. 6d. per acre. The price 
of runners varies according to variety, and 
whether they are specially layered plants or 
merely self- rooted runners "which have received 
no special preparation before lifting: the former 
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■will cost from 10s. to 15s. per 1000, while the 
latter are plentiful at 5s. per 1000. The number 
of runners required to plant an acre can be esti- 
mated at from 12,500 to 16,000 to the acre, which 
numbers allow for weaklings being planted two 
together. If planted 2 ft. apart, close upon 11,000 
are required ; but the distances between the 
rows vary considerably, and, in some cases, 
rows 30 in. apart and 12 to 15 in. from plant 
to plant are common. Varieties like 'Paxtons' 
and 'Nobles' are often planted 2 ft. from row to 
row and 1 ft. from plant to plant; thus nearly 
20,000 plants would be required to plant 1 ac. 
Planting is usually performed by piece woik, 
and may cost from 15s. to £l per acre for dib- 
bling in the runners. 

After Cultivation. — A considerable amount of 
labour is necessary fi'om the time of planting 
until the fruit is ready for gathering, hand and 
horse hoeing being much in evidence. The plants 
must also be gone over four or five times for the 
purpose of removing runners, ■which work will 
add about 12s. to the expenses of cultivation. The 
total cost of hoeing on average land, including 
three hand hoeings, each of which ■will cost about 
£3, would be approximately £12, estimating 
the period covered as twenty months from the 
time of planting to the gathering of the first 
batch of marketable fruit. Steaui-baled bailey 
straw has now almost superseded the older and 
less hygienic method of bedding down the plants 
previous to flowering -with short manure ; the 
amount of straw required varies from 15 c'wt. 
to 1 ton per acre, and will cost from 8s. to 10s. 
per acre for laying or bedding between the 
plants. On heavy soils, plantations may con- 
tinue to give profitable returns for five years, 
■\vhile on lighter soils they cannot prove pro- 
fitable beyond the third year. 

Gathering and Marketing. — An average yield 
per acre of strawberiies may be estimated at 
1000 baskets, each containing from 4 to 5 lb. of 
fruit ; in exceptional seasons as many as 2000 
baskets have been secured from 1 ac. of ground. 
The very early consignments bring fancy prices, 
but the general jjrice in a good season does not 
average more than Is. 3rf. for a 5 -lb. basket, 
■while in a bad season it may be nearer \0d. (or 
2rf. per lb.). The cost of gathering the fruit 
varies from |rf. to \d. per lb., or an average of 
\^d. per gal, to which must be added the cost 
of baskets and haulage to rail, railway freights, 
salesmen's fees, &c., the total cost of which may 
amount to anything between £12 and £20 per 
acre. The ' chip ' baskets are now almost ex- 
clusively used instead of the wicker basket; the 
great advantage possessed by the former is their 
comparative cheapness — they can be purchased 
at Id. each in 50-gross lots — and they are non- 
returnable. 

In good seasons, as much as £50 may repre- 
sent the return from 1 ac, and in exceptional 
seasons £100 is reached, while in bad seasons 
it may fall as low as £20. 

The principal varieties of strawberries for 
market are: Eoyal Sovereign, Sir Joseph Paxton, 
President, Noble, Bedford Champion, Kentish 
Favourite, and Givon's Late Prolific. There are 
other varieties, each suited for certain classes of 



soils and districts, and these several character- 
istics must be taken notice of when a selection 
is being made. [j. c. n.] 

Strawberry. — Parasitic Fungi. — 

Damage to foliage generally takes the form of 
yellowish spots with a reddish-purple margin 
(fig. 1); when the spots are numerous and run 
together, the leaves wither completely. The 
fungus present is Sphcerella fragaria, which, 
after producing numerous summer spores, 
passes the winter either in the form of winter 
ascus-fruits or as fungus-filaments in the dead 
leaves. As the disease begins to injure the 
plants early and continues active till late 
autumn, serious damage may be done as I'e- 
gards cropping next season. Some varieties 
are more liable to attack than others. 




Strawberry-leaf Spot 

Treatment. — Weak Bordeaux mixture (see 
Fungicides) should be sprayed as soon as the 
disease is seen ; another spraying may be given 
later, but not after the fruit has set. To de- 
stroy the dead leaves, after collecting the crop, 
scatter a thin layer of straw over the bed and 
set it on fire, care being taken not to use much 
straw, as excessive heat injures the crowns. 

Powdery Mildew first occurs on the leaves, 
but is easily overlooked till the white mouldy 
coating appears on the fruit, where much dam- 
age may result. The fungus {Sphcerotheca cas- 
tagnei) also produces mildew on hops, and the 
disease may pass from one crop to the other. 

Treatment. — Mildew will be checked bj' the 
methods recommended above for leaf - spot. 
Flowers of sulphur alone or mixed with half 
its weight of quicklime, and dusted carefully 
beneath the leaves, is also a useful remedy, but 
must not be applied to fruit. 

Fruit rot accompanied by a greyish fungus 
(Boiri/iis) is sometimes destructive, especially 
in wet seasons when the fruit ripens slowly ; 
nothing except sunshine is likely to do much 
good. [w. G. .s.] 

Strawberry, Insect Enemies o-f. — 
The following is a list of the chief insect pests 
of the strawberry : Hepialus hcpidinus (Garden 
S-wift Moth), Agrotis exclamationis (Heart-and- 
Dart Moth), Melolontha vulgaris (Cockchafer), 
Oalerucella tenella (Strawberry -leaf Beetle), 
Otiorhynchus sulcatus ( Strawberry Weevil ), 
Anthonomus ruhi (Strawberrj' Anthonomus), 
Adrastus Umhatus (Strawberry Click Beetle). 
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These various insects are described under their 
technical designations. 

Strawsonizer, a machine extensively used 
for spraying of chemicals to destroy weeds and 
to prevent insect and fungoid attacks. See 
Spraters. 

Streng^th of Materials. See art. Ma- 
TERiALS, Strength .\xd Elasticity of. 

Stringhait. — An ill-defined affection of the 
nervous system characterized by a spasmodic 
clicking up of one or both hind legs. This 
defect is classed among the nervous affections, 
and has the appearance of being due to exalted 
function of the nerves which govern the flexors 
of the hind limb, but the most careful post- 
mortem examinations have failed to discover 
any lesions or anj'thing abnormal whatever. 
Many theories have been advanced and a 
variety of treatments adopted, but with very 
little success. The malady may suddenlj' de- 
clare itself in a pronounced form, or may slowly 
and insidiously increase. The heavy breeds are 
no more exempt than the light ones, but horses 
whose work does not call for trotting or fast 
paces are less able to throw off the jerking 
movement with exercise. As the disease in- 
variably increases as time goes on, it is im- 
portant to recognize early symptoms and avoid 
purchasing, as sound, an animal with any in- 
clination to stringhalt. We have said that it 
invariably increases, but this must be qualified 
by the statement that there are periods of 
partial remission, and even of apparent tempo- 
rary cure, when horses are turned out to grass ; 
but when taken in again, it reappears. Advan- 
tage is often taken of this diminution of the 
symptoms outdoors to sell to the unwary while 
in the field. When the spasmodic action of the 
limb increases to a very great extent, the sub- 
ject of it loses condition and becomes more or 
less tucked up in the flank, as horses do with 
any kind of lameness or cause of pain in a hind 
limb. Animals are to be seen occasionally with 
such an exaggerated form of stringhalt that 
they actually strike the belly with the foot. 
One or both legs may be involved, but seldom 
in equal degree, so that the subject often ap- 
pears to have but one limb aifected when both 
are influenced. Stringhalt should teach us the 
advisability of seeing a horse in the stable and 
cooled down before committing ourselves to 
a purchase. It is one of several maladies that 
display themselves when the animal is made 
to stand over across the stall. If the subject 
of this defect he will snatch up the affected 
limb, and should certainly be made to pass to 
both sides of the stall. Spavin and navicular 
disease (which see) are best looked for when 
a horse has been stabled long enough to cool 
down. This disease is hereditary, and horses 
affected with it should not be used for stud 
purposes. [h. l.] 

Strippings consist of the last-drawn milk 
from a cow at any milking. They are charac- 
terized by being much richer in fat than the 
average milk yielded by the cow, often contain- 
ing over 10 per cent of this ingredient. The 
first-drawn milk or 'fore milk' is very poor in 
fat, the quantity of this constituent rising as 



the process of milking proceeds, and being much 
richer in the last J pt. which can be stripped 
from the cow. Tlie following example is typical 
of the results obtained in hundreds of cases with 
the milk of Shorthorn cows at the Midland Agri- 
cultural and Dairy College. 

Three 6-oz. bottles were taken to the cow 
shed at 7 a.m. No 1 was filled direct from the 
cow with the first-drawn or fore milk. The 
milking was then proceeded with, and when 
the cow had yielded about half the quantity 
which was e.xpected, bottle No. 2 was tilled. 
Bottle No. 3 was filled with the strippings. 
The same cow's milk was again sampled in the 
evening at 5 p.m. in the same manner. The 
percentage of fat was determined in the milk 
in each bottle, and gave the following results : — 





7 a.m. 


5 p.m. 


No. 1, fore milk 


.. 0-4 % fat. 


0-8 % fat. 


No. 2, middle milk 


.. 20 „ 


3-2 „ 


No. 3, strippings 


12"2 


80 „ 



The strippings are found to be richer in fat 
after a longer period has elapsed between milk- 
ings than after a shorter period. The other 
constituents of the milk do not vary to any- 
thing like the same extent. 

It is of the greatest practical importance 
that the cows should be well milked and well 
stripped. It may even happen that an ineffi- 
cient mOker may not only get less milk, but 
that the milk so obtained may fall below the 
standard required by law, while the few extra 
pounds obtained by a skilled milker will bring 
the milk above the standard. 

In taking samples of milk from individual 
cows, all the milk from the cow must be milked 
into a pail and then well mixed before the 
bottles are filled. [j. oo.] 




A, Strongj'lus tetracanthus, male, magnified. B, Anterior 
extremity, dorsal view, c, End view of anterior extremity. 

Strongylosis.— This term is applied to 
disease caused by worms belonging to the genus 
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Strongylus. It is, unfortunately, on the increase 
in these islands, and none of the domesticated 
animals are wholly exempt. The cough known 
as husk in calves and lambs is a verminous 
bronchitis or strongylosis induced by S. micrums 
and S. filaria, and a fatal scour is often set up 
by S. coniortus in the fourth stomach. S. tetra- 
canthits is one of the worst enemies of the horse- 
breeder. The chief symptoms of the disease 
caused by this worm are wasting and diarrhcfia 
accompanied by a dull abdominal pain. In 
colts at grass, (S. tetracanthus may destroy its 
victims without for a time producing other 
marked symptoms than those of ansemia. Wan- 
dering strongles of different kinds are found in 
animals without causing what is here intended 
as strongylosis, but they have special periods of 
activity and of multiplication, when they pro- 
duce serious disease and actual death. Eock 
salt broken up and spread over the land at the 
rate of half a ton to the acre has been found 
of great value in keeping down strongles. 
When the particular strongle has been identi- 
fied, as, for instance, when the tetracanthus has 
made horse-breeding unprofitable, the land may 
be stocked with bovines or with sheep until the 
horse strongle has been starved out ; and the 
process may be reversed when verminous bron- 
chitis caused by strongles has afflicted calves 
and lambs. See art. Strongylus. [h. l.] 

Strongylus, an important genus of Nema- 
tode worms, found for the most part in mam- 
mals, but also in birds and reptiles. The mouth 
is surrounded by six small papilte ; the pos- 
terior end of the male shows a prominent lobed 
copulatory pouch (or bursa) with two spicules; 
the posterior end of the female is pointed. In- 
fection seems to be direct and without the aid 
of an intermediate host ; the larvte occur in 
damp earth and in foul water, and are thus 
readily swallowed along with the food or drink. 
There are numerous species of Strongylus, which 
occur in various parts of the body, such as the 
intestine, the lungs, the trachea, the large blood- 
vessels. The armed palisade worm {Strongylus 
armatus), a reddish -brown species about 1 in. 
to 2 in. in length, occurs in the intestine of the 
horse and the donkey. The eggs, passed out 
with the dung, hatch in damp places, and the 
larvte may be swallowed with the drinking 
water. They pass from the gut to the walls 
of adjacent arteries, sometimes causing serious 
aneurisms. As they mature they pass into the 
blood-stream, and thence, by boring, into the 
intestine. The sheep strongyle (<S. contortus) — 
male ^, female | in. — often occurs in great num- 
bers in the abomasum or reed. The lung- worm 
of lambs (5. filaria) — male 1 in., female 3 in. — 
infects the lambs in summer, passes from the 
stomach to the windpipe, remains embedded 
in swellings till spring, when numerous young 
forms are liberated into mucus of the windpipe. 
Often, however, the host dies long before this. 
A small species, S. micrurus, occurs in the wind- 
pipe and arteries of cattle ; another, S. apri, 
lives in the bronchial tubes of the pig, and is 
also found occasionally in sheep and man. Both 
these species cause bronchitis, which is often 
fatal in calves and young pigs. The giant 



palisade worm, which occurs in the cavity of 
the kidney (and sometimes in the abdominal 
cavity) in horses, cattle, deer, dog, man, &c., 
belongs to a nearly related genus, Eustrongylus. 
It is a very serious parasite, and well deserves 
its name of gigas, for the male may be over 1 ft. 




Lung-worm {Strongylus filaria) 

A, Male. B, Female (a, anus). 0, Ovum in various 
stages oi development. D, Caudal pouch o£ male, profile 
view. E, Anterior extremity, showing cfisophagus. F, 
Enlarged extremity of $ (a, anus; b, uterus; c, intestine). 

long and the female over 1 yd. It causes kidney 
disease and grave disorders. [j. a. t.] 

Strophosoma coryli. — This is a weevil 
about J in. long, short and thick. Both adult 
beetles and larvje are injurious; the former eat 
the needles and bark of young conifers and 
broad-leaved trees, and the larvEe feed on young 
roots, but the adults do most harm. The beetles 
pair in June, and oviposit on the small rootlets 
near the surface of the soil, especially in dry 
places. They are very similar to other Cuculid 
larvae, being footless and white. In the begin- 
ning of August they pupate near the surface, 
and at the end of the same month and on into 
September the beetles hatch out. They are 
wingless, and hibernate. In spring they crawl 
up the trunks of the trees and feed as described, 
preferring young trees. 

Protective rules given by Schlich are as fol- 
lows: Grubbing up of all stumps and root 
stocks ; the employment of well-grown and not 
too young plants ; trap ditches to catch the 
crawling beetles ; the collection of beetles in 
August and September under pieces of bark on 
the ground ; collection of the beetles by shaking 
in spring. [r. v. T.] 
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stump Extractors are machines of vari- 
ous sorts, which ail work upon the principle of 
gaining great force by leverage. If the side- 
roots have been cut through all round, the stump 
can often be raised by the leverage of a long 
and stout pole passing througli an iron ring 
attached to a strong hook, that can be inserted 
below one of the main side-roots. Or a long 




Fig. 1.- Grubbing Stump with 'Monkey' Jack 

pole can be fixed with one end resting on the 
ground and the other on the top of a jack, with 
an iron chain binding this end of the pole to 
one of the stump -roots; and as the jack is 
wound up, the stump is partially tilted over. 
The Australian monkey jack is another method 
of applying strong leverage. One of the most 
powerful stump e.xtractors is the American 
' Hawkeye ' machine, worked by horse-power. 




Fig. 2.— Grubbing Stump with ' Monkey' .Tack 

the machine itself being firmly moored to one 
or more stumps, as necessary for stability, and 
the extracting force being provided by strong 
leverage. Large stumps are also often blasted 
with gunpowder or dynamite, but this is not 
always cheaper than the use of mechanical appli- 
ances. Stump extraction is only profitable where 
there is a good market for fuel, but it is the best 
safeguard against the Pine Weevil. [j. n.] 

Styptics, substances which arrest haemor- 
rhage when locally applied. They are nearly 
akin to astringents, which cause constriction or 
contraction of the tissues either by topical appli- 
cation or through the circulation of the blood. 



A constringing drug given by the mouth, and 
intended to act locally upon the injured mucous 
membrane of the bowel, would be considered 
an astringent, although operating in much the 
same manner as a styptic immediately applied. 
Nut galls in powder, tannic and gallic acid, oak 
and elm barks, catechu, kino, alum, iron, copper, 
zinc, silver, chalk and bismuth, are substances 
employed both as stj'ptics and astringents. 
Gallic acid is given as an internal styptic or 
astringent to arrest hsemorrhage where me- 
chanical means cannot be employed ; so also is 
lead acetate ; and for ulcerating surfaces, dis- 
posed to bleed, in stomach and bowels, the salts 
of silver and copper and iron are prescribed. For 
the general means of arresting bleeding, and the 
practical application of styptics, the reader is 
referred to the art. Bleeding. [h. l.] 

Subcoccinella 24-puncta.ta (the Leaf- 
feeding Ladybird). — Most Ladybird beetles are 
beneficial on account of their carnivorous habits, 
but the present species is injurious on account 
of its vegetarian proclivities. The plant-feeding 
Ladybirds can at once be told by the wing cases 
being pubescent ; many of them are very harm- 
ful abroad (Epilachnas), but this is the only 
one found in Britain. In size it is about ^ in. 
long ; it is almost hemispherical, clothed with 
thick greyish pubescence, of a reddish or ferru- 
ginous colour, with black spots on the thorax 
and elytra ; the legs and antenna; are reddish. 
The beetles and larvre feed upon clovers, tares, 
lucerne, vetches, &c., eating away the paren- 
chyma of the leaves. The larv* are yellowish, 
of somewhat elliptical shape, and more or less 
spinose, with a few dark markings, the last seg- 
ment having a nipple-like anal process. They 
feed with the adults on the same plants and 
pupate on the leaves. [f. v. t.] 

Subsoil. — This term is applied to the soil 
lying below the top 6 or 9 in. It represents 
more nearly the original soil, since it is un- 
affected by cultivation or manuring of the sur- 
face soil. Some of the plots at Eothamsted 
have for over fifty years received 3^ cwt. of 
superphosphates each year — a total now of 
nearly 8 tons ; yet the subsoil below 9 in. is 
no richer in available phosphoric acid than that 
of the plot unmanured since 1839. The dunged 
plots have been receiving 14 tons annually, i.e. 
700 tons during the whole period, but the sub- 
soil is little, if any, richer in nitrogen or organic 
matter. The explanation is, that soil has an ex- 
traordinary power of precipitating soluble sub- 
stances from their solutions: organic matter, 
ammonia, phosphoric acid, and potash are all 
held by the particles near the surface, and get 
no further than the cultivation operations will 
take them. 

But during the long period that has elapsed 
since the soil was formed, the rain has been 
perpetually washing some of the clay particles 
downwards. Th\is we always find more clay in 
the second 9 in. than in the surface soil. Fur- 
ther, the clay in the subsoil has not been sub- 
jected to the flocculating influence of cultiva- 
tion, organic matter, lime, &c., and is therefore 
in a much less workable condition than that 
of the surface. Hence the sticky, unkindly 
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nature of the subsoil. Chemically, the subsoil 
contains less organic mattei' (hence its differ- 
ence in colour), less nitrogen, but more potash 
than the surface soil ; both contain about the 
same amounts of phosphoric acid. The subsoil 
compounds, however, are much less soluble and 
' available ' than those in the surface soil. It is 
now known that the old idea is wrong which 
supposed the subsoil to be the reservoir of plant 
food from which the surface soil drew its supply. 
The subsoil is nmch poorer in plant food than 
the surface, and there is no advantage, but dis- 
tinct disadvantages, in bringing it to the sur- 
face. The micro-organic flora of the subsoil is 
simpler than that of the surface. The number 
of organisms is smaller, and only those survive 
that are capable of doing without much air. 

These differences are, however, much less 
marked in dry regions, and thus it happens that 
in levelling land for irrigation a scoop can be 
sent over it to pick up the soil in the raised 
parts and transfer it to the hollows. The lay- 
ing bare of the subsoil leads to no long period 
of sterility as would be the case here. 

While the subsoil is heavier than the surface 
if the two have the same geological origin, it 
may be much lighter if they are geologically 
distinct. Thus clay may wash on to sand and 
give rise to a heavy surface soil lying on a light 
subsoil. It may wash or be deposited on to 
chalk, as in the belt of country round London, 
in which case it is a distinct advantage to bring 
up some of the chalk subsoil to the surface and 
use it as a manure. This indeed was until 
about a hundred years ago the recognized treat- 
ment of these soils. 

In spite of its general unkindliness the sub- 
soil is penetrated by the roots of certain plants 
— wheat, mangolds. Red Clover, Lucerne, Sain- 
foin among ordinary crops, and by many pas- 
ture plants; and this tendency is, in pasture 
land, fostered by the use of manures like nitrate 
of soda, that wash down into the soil. The only 
practicable method of improving the subsoil on 
farms, apart from drainage, is to grow deep- 
rooting crops, which open the subsoil, increase 
its stores of organic matter, and effect a certain 
transference of plant food to the surface. Vari- 
ous systems of land improvement have been 
based on this plan. Sainfoin and Lucerne have 
the advantage of being leguminous plants and 
therefore increasing the nitrogen supply of the 
soil, but Chicory and other plants have been 
found useful. 

One great advantage of improving the subsoil 
is that the root range of the plant, and conse- 
quently the water supply, is inci'eased. Indeed 
it is largely in relation to the water supply that 
the subsoil is important. The best results are 
obtained when the subsoil is sufficiently com- 
pact to hold back enough water, without, how- 
ever, allowing it to accumulate and stagnate. 
On the other hand, very porous subsoil leads to 
overdrainage and consequently infeitility, which 
cannot be altogether remedied. When the sur- 
face soil is underlain by solid rock, the condi- 
tions may be favourable both to root develop- 
ment and water supply if the rock is vertical, 
especially if it is soft enough to be split by the 



roots ; but they are usually unfavourable if the 
rock is horizontal. [b. j. e.] 

Subsoiling, or Subsoil Ploughing, is 

actually a scarifying or knifing of the subsoil by 
a tine or coulter let down from the fi'ame of a 
strong plough constructed specially for the pur- 
pose. Or the subsoiler may be attached to the 
frame of a steam plough. If it takes the form 
of a separate implement it is furnished with a 
beam, frame, and stilts like an ordinary plough, 
but is destitute of mould-board or true land- 
side ; and the coulter is produced downwards 
and terminates in a strong tine which is drawn 
through the ground at the bottom of a newly 
tuined furrow. In this case it is preceded by 
a strong plough, drawn by four horses, which 
turns out a deep 9-in. furrow. The subsoil 
plough, also drawn by four horses, follows, and 
the work performed at each turn is covered up 
by the next furrow. The principle of subsoil- 
iug is pulverization without bringing the sub- 
soil to the surface, and in this respect it differs 
from trench ploughing (see Trench Plough- 
ing). Subsoiling is especially suitable for steam 
power, and all that is necessary is a coulter or 
knife so fixed behind each turn-fui'row as to 
enter and pulverize the subsoil to a depth of 
7 to 9 in. below the bottom of the furrow. It 
is not adapted for solid and retentive clays, as 
might naturally have been expected. Such soils 
close in a short time through their natural 
plasticity, so that all traces of the operation are 
soon obliterated. The best results have been 
obtained upon subsoils of a shelly or calcareous 
nature, which off'er a barrier to the downward 
passage of water, and form a definite or inde- 
finite ' pan ', a few inches below the surface. It 
is also the best means of dealing with muir- 
band pan, an ochreous ferruginous deposit, often 
found under heaths. These pans, when once 
broken up, never form again, and hence the 
operation of subsoiling is a permanent improve- 
ment followed with excellent results. 

Subsoiling has often been regarded as a criti- 
cal operation involving possible injury to the 
ground, and to the productive powers of the 
soil. In this respect, however, it is not so 
fraught with danger as is trench ploughing, 
because there is no mixing of poor or sour sub- 
soil with a well aerated and manured surface 
soil ; but only a breaking up of the pan whether 
of muir-band, calcareous deposit, oi' a mere in- 
durated pan, produced by the continuous tread- 
ing of horses for a long series of years, [j. Wr.] 

Subsoil Plough. See Plough. 

Succession, intestate. — 

1. England 

(a) Real Property. — The order of descent of 
real estate on the death of the owner intestate 
is governed by Statute, the main rules wheieof 
are as follows, viz.: The descent is in every case 
to be traced from the purchaser, i.e. the person 
who last succeeded otherwise than by descent. 
The estate descends lineally to the issue of the 
purchaser so long as there is any, males being 
preferred to females, and an elder male to a 
younger. In the case of females, however, they 
take jointly and are known as coparceners, so 
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called because they are entitled to demand a 
partition by the Court, failing a voluntary agree- 
ment. In the event of no partition, however, 
the interest of a coparcener descends to her 
children, if any. The issue of children of the 
purchaser represent their parents; thus, if the 
eldest son of the purchaser predeceased leaving 
children, male or female, they would take in 
preference to the second son of the purchaser. 
On failure of lineal descendants the property 
passes to the nearest living ancestor; thus the 
father of the purchaser will succeed before the 
brothers or sisters. In the case of ascendants 
the male line is preferred to the female line. 
On the failure of a lineal ascendant his issue, 
if any, succeed; thus, on the predecease of the 
father of the purchaser leaving a family the 
property will go to them, as in the first instance 
to a younger brother of the purchaser and his 
family, or in the case of sisters to them as co- 
parceners. The full blood excludes the half ; 
that is to say, a full brother will succeed before 
any of the issue of the father's marriage with 
the second wife can succeed. After the ascen- 
dants in the paternal line and their issue are 
exhausted, the property passes into the ma- 
ternal line. Lastly, if there is a total failure 
of heirs of the purchaser, the descent is traced 
from the person last entitled to the lands as if 
he had been the purchaser thereof. 

(b) Personal Estate. — The distribution of the 
personal estate of an intestate after payment of 
debts is regulated by the Statute of Distribu- 
tions, which provides as follows, viz.: The hus- 
band of the deceased is entitled to the whole 
estate left by his deceased wife, while a widow 
is entitled to one-third if there be a family or 
other lineal descendants, otherwise to one-half. 
If, however, a man die without issue and his 
whole estate, real or personal, does not exceed 
^500 net, the widow is entitled to the whole 
of it; and if it exceed ^500, then she is entitled 
to a sum of .£500 in addition to her share of 
the personal estate. The children are entitled 
to two-thirds of their father's estate if he is sur- 
vived by a widow, otherwise to the whole. The 
representatives of a child who has predeceased 
take the share which he or she would have been 
entitled to on survivance. Failing issue, the 
next of kin take one-half if a widow survive, 
and the whole if there is none. No representa- 
tion — i.e. the taking of children in place of their 
parents — is admitted among collaterals beyond 
the children of brothers and sisters of the intes- 
tate. The next of kin are ascertained by count- 
ing from the intestate back to the common an- 
cestor, and thereafter down to the parties claim- 
ing to succeed, each step counting a degree; but 
brothers and sisters of the deceased are entitled 
to take in preference to the grandfather, although 
they are both in the same degree of relationship. 
The father of the deceased excludes the mother. 
On failure of the father, the mother succeeds 
along with thebrothersand sistersof thedeceased, 
and the issue of any deceased brother or sister. 

2. Scotland 

(a) Heritage. — On the death of a person intes- 
tate, the heritable estate descends to the eldest 



son and his issue, male and female, until the 
line is exhausted, males succeeding before females. 
On failure of the eldest son and his issue if any, 
the second son and his issue take, and so on till 
[ all the male issue are exhausted. Thereafter 
I the daughters, if more than one, take the pi-o- 
perty between them pro indiviso as heirs por- 
tioners, the issue of a daughter who has pre- 
deceased taking their mother's share, the male 
issue having a preference. The eldest heir por- 
tioner has a right to the mansion house of an 
estate in the country, but has no such right to 
a town house or to a villa though in the country. 
She is also entitled to such dignities and titles 
of honour as are not otherwise limited, without 
making any compensation to her sisters there- 
for. She is also entitled to the property of things, 
indivisible, but subject to compensation to her 
sisters. On the failure of descendants, the suc- 
cession to the heritable estate goes out to the 
collateral line. The next younger brother and 
his issue succeeding to the immediately elder 
brother, and so on from elder to younger till 
all the younger brothers and their issue are 
exhausted. Thereafter the elder brothers and 
their issue succeed in the inverse order, i.e. the 
immediately elder first, and thereafter upward 
to the eldest. After the failure of brothers and 
their issue, the sisters succeed as heir portioners. 
In the succession of collaterals the full blood 
excludes the half; but on the failure of the full 
blood the half blood co^isanguinean (i.e. descen- 
dants of the same father but not the same mother 
as the full blood) will succeed, males taking the 
preference as in the case of the full blood. The 
half blood uterine (i.e. descendants of the same 
mother but not the same father as the full blood) 
is entirely excluded. After failure of collaterals, 
the heritage ascends to the father and his rela- 
tions to the exclusion of the mother and her 
relations, to whom it never ascends. 

Husband and wife never succeed to each other, 
but they have the following rights in the estate 
of an intestate. The husband, if the father of 
the heir at law, is entitled to a liferent of the 
heritage, known as his courtesy. If no child has 
been born of the marriage, the husband is not 
entitled to the right of courtesy. The wife, un- 
less barred by provision, is entitled to a liferent 
of one -third of the heritage, known as terce, 
whether there be children of the marriage or not. 
(b) Moveables. — In the case of a husband dying 
intestate, the deceased's moveable estate, if he 
left a widow and family, is divisible into three 
parts; one part whereof, known as the^'if^ relicta, 
goes to the widow; one part, known as legitim, 
goes to the children equally among them; and 
the third part, known as the dead's part, will go 
to the children as the next of kin. If he leave 
a widow but no children, the Jus relictce will 
amount to one-half of the moveable estate; and 
if he leave a child or children but no widow, the 
legitim will amount to one-half, the remainder 
in each case being the dead's part. On the death 
of a woman survived by a husband, he is entitled 
to the same rights in her estate as a wife is in 
that of her deceased husband. On the death 
of a person predeceased by husband or wife, as 
the case may be, and without issue, the whole 
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moveable estate is deads part. Even if the de- 
ceased has left a will, he or she is only entitled 
by law to deal with the dead's part; and the 
widow (or widower) and family are entitled to 
claim their legal rights, if they prefer them to 
the rights given under the will, except in so 
far as these rights have been renounced or ex- 
cluded. The issue of a child or of any descen- 
dant of a child who has predeceased the intestate 
comes in place of his parent, and has right to the 
share of the moveable estate other than legitim 
to which his parent, if he had survived, would 
have been entitled; but no representation is ad- 
mitted among collaterals beyond the descendants 
of bi'others and sisters. 

Where the heir by virtue of primogeniture 
takes the heritage, he is not entitled to insist on 
a share of the moveables as well as the next of 
kin, except on condition of collating, i.e. massing 
the heritage with the moveables so as to form 
one joint fund; in which case he is entitled to an 
equal share of the aggregate amount. 

On the failure of descendants the next of kin 
are found among the collaterals, i.e. the brothers 
and sisters of the deceased and their descendants, 
sul.iject to the rights of the father or mother of 
the deceased, if alive, to a share in the estate, 
which are as follows : In the case of a person 
dying intestate without issue, his father, if alive, 
has a right to one-half, and failing the father, 
the mother, if alive, has a right to one-third of 
the deads part in preference to the brothers or 
sisters or their descendants. Where an intes- 
tate dies without leaving issue, and his father 
and mother have both predeceased, and leaving 
no brother or sister german {i.e. full) or consan- 
guiiiean, nor any descendant of a brother or 
sister german or consanguinean, but leaving 
brothers and sisters uterine or their descendants, 
such brothers and sisters uterine and their de- 
scendants in place of their predeceasing parent 
are entitled to one-half of the moveable estate 
left by the intestate. 

Death Duties. — Property passing on the 
death of a person, either under his will or on 
his intestacy, is liable in payment of estate 
duty, and in some cases also of legacy and 
succession duties. 

1. Estate Duty. — This duty is payable on the 
principal value of all property, heritable or move- 
able. The property includes any of which the 
deceased was competent to dispose at his death 
whether he did so or not. It also includes dona- 
tions mortis causa and gifts of property made by 
the deceased within three years of his death 
without reservation, or gifts made at any time 
with any reservation to the deceased. Life 
interests, annuities, &c., are all chargeable. For 
determining the rate of estate duty, all property 
in respect of which the duty is leviable is to be 
aggregated so as to form one estate, and the 
duty is levied on the principal value thereof. 
Where the net value of the property on which 
estate duty is payable (exclusive of property 
settled otherwise than by the will of the de- 
ceased) does not exceed .£1000, such property 
shall not be aggregated, but form an estate by 
itself. The executors or trustees or anyone to 
whom the property passes beneficially is liable 



to account for the duty. The property is to be 
valued at the market price at the time of the 
deceased's death. Special provision is made as 
to payment of the duty in respect of woodlands. 
Reasonable funeral expenses and all debts and in- 
cumbrances are deducted from the gross amount 
before the duty is assessed. Interest is due on 
the estate duty allocated on the moveable estate 
from the date of death, and on the duty allo- 
cated on the heritable estate from one year aftei- 
the date of death, till paid at the rate of 3 pei- 
cent per annum. Duty is payable on the prin- 
cipal value at rates varying from 1 per cent on 
estates under £500 up to 14 per cent on estates 
not exceeding £1,000,000. Where the principal 
value of the estate exceeds £1,000,000, duty is 
payable at the rate of 15 per cent. Where the 
gross value of the estate exceeds £100 but does 
not exceed £300, a fixed duty of 305. may be 
paid; and where the property exceeds £300 but 
does not exceed £500, a fixed duty of 50s. may 
be paid. 

2. Legacy and Succession Duty. — In addition 
to estate duty, legacy or succession duty is pay- 
able on all estates except in the cases herein- 
after mentioned. The legacy duty is payable in 
respect of gifts by will or testamentary instru- 
ment out of the moveable estate or on the shares 
of moveable property devolving under intestacy^ 
while succession duty is payable in respect of 
the succession to heritable estate passing either 
under a will or on intestacy. The rates of duty 
on legacies, annuities, residues, and successions; 
where estate duty has been paid, are as follows: — 

Husband or wife, lineal ancestor 

or descendant of predecessor ... 1 per cent. 

Lawful brothers and sisters ortbeir 

descendants ... ... ... 5 ,, 

Persons of more remote consan- 
guinity or strangers in blood ... 10 ,, 

Lineal issue and ancestors and the husband 
or wife of the deceased are exempt from the 
1- per -cent duty in the following cases: — (a) 
Where the principal value of the property does; 
not exceed £15,000, whatever be the value of the 
legacy or succession ; (6) where the amount of 
the legacy or succession, together with other 
legacies or successions derived by the same per- 
son from the predecessor, does not exceed £1000,, 
whatever may be the principal value of such 
property; (c) where the person taking the legacy 
or succession is the widow, or a child undei' the 
age of twenty-one years, of the predecessor, and 
the amount of the legacy or succession, together 
with any other legacies or successions derived 
by the same person from the testator, does not 
exceed £2000, whatever may be the principal 
value of such property. 

A legatee or successor whose husband oi' wife 
is of nearer relationship is chargeable with duty 
at the rate at which such husband or wife would 
be chargeable. Eelations of the husband or wife 
are chargeable with duty at 10 per cent unless 
themselves related in blood to the deceased. 

[D.B.] 

Suet is the name given to the aggregated 
masses of fat surrounding the kidneys, heart, 
and other organs, and in the omentum or ' apron ' 
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which covers the intestines of animals used as 
food, more especially the ox and sheep. In beef 
suet, and still more in mutton suet, there is an 
excess of stearin, amounting to as much as three- 
fourths of the whole, so that these suets are hard 
and white. Healthy suet should be quite hard 
after the carcass has stiffened, containing neither 
jelly nor watery serum. When the abdominal 
fat of mutton is melted and strained so as to get 
rid of crude connective tissue, the result is the 
sevum preparatum of the B.P., melting at 103° F., 
a white, soft, homogeneous fat, almost odourless, 
greatly in use for making plasters, ointments, 
and cerates. Owing to its facilities for resisting 
decomposition, melted suet is often sprayed over 
a carcass so as to give it a thin but impervious 
coating of fat. Generally speaking, suet and 
body fat are constant in composition, whatever 
the source of food, as fat is partly derived from 
the carbohydrates in the foodstuffs and partly 
from proteid matters. The effects of food are 
most marked in affecting the colour, odour, and 
flavour, as is seen after oilcake feeding, [j. k.] 

Suffolk Horse The Suffolk horse is 

undoubtedly one of the oldest breeds of British 
horses, but his origin is still conjectural, and 
the record of his early descent meagre and 
unilluminating. We learn from the writings 
of Arthur Young that the Suffolk Punch was 
known to his generation as an old-established 
breed in East Anglia, and that prior to the 
latter half of the ISth century the most un- 
sightly points of the earlier type had been 
modified and the breed materially improved. 
Youatt, a succeeding writer, describes the ori- 
ginal breed as 'standing from 15 to 16 hands 
high, of a sorrel colour, large headed, low shoul- 
dered and thick on the top, deep and round 
chested, long backed, high in the croup, large 
and strong in the quarters, full in the flanks, 
round in the legs, and short in the pasterns'. 
'The present breed', says the same authority, 
'possesses many of the peculiarities and good 
qualities of its ancestors. It is more or less 
inclined to a sorrel colour ; it is a taller horse, 
higher and finer in the shoulders, and it is a 
cross with the Yorkshire, half or three-parts 
bred.' Youatt's reference to the Yorkshire cross 
is probably a guess on his part ; so far as is 
known to the writer, the precise nature of the 
cross or the piobable period when it was effected 
has never been definitely stated. 

But whatever its origin, the original stock to 
which Young refers and which Youatt describes 
was undoubtedly improved by the infusion of 
extraneous blood, which served to impart to the 
Suffolk that lighter, more active, and smarter 
element which distinguishes the breed of the 
present day. The introduction of this alien blood 
took place for the most part previous to any 
recorcls of the breed being kept ; its source and 
nature are unknown, though its impress remains. 

In later times there have been four horses of 
historical importance which have had a power- 
ful effect in stamping the type of the modern 
Suffolk. The first and most notable of these is 
Crisp's Horse, a Lincolnshire trotting stallion, 
foaled in 1768, and the property of Thomas 
Crisp of Ufford, advertised in 1773 as 'a five 



year old, to get good stock for coach or road, 
a fine bright chestnut, full 15^ hands, noted for 
getting remarkably fine colts '. Most of the 
present-day Suffolk horses have a strain of the 
blood of Crisp's Horse in their composition. 
Next in importance is Blake's Farmer, foaled 
in 1760, and the sire of a noted family which 
has left its stamp on the breed. The last direct 
male descendant from the line passed from Bri- 
tain in 1890. There was advertised in 1802 a 
beautiful chestnut horse, Farmer's Glory; this 
horse is also said to have come fi-om Lincoln- 
shire ; a heavier horse than Blake's Farmer, he 
was the sire of many noted prizewinners. His 
stock wei'e of exceptional size, though according 
to Biddell his stamp was not the style of the 
best Suffolk horse. This strain became extinct 
in the male line about 1870. Then comes Bar- 
ber's Proctor, the pioneer of the Shadingfield 
stock ; this horse, foaled in 1793, was the off- 
spring of a chestnut mare and the son of a trot- 
ting horse of great substance. The descendants 
of Barber's Proctor were for the first few gene- 
rations of a bay colour. Finally we have the 
Samsons, a strain of more modern date and of 
relatively small importance compared with those 
already mentioned. As with the other breeds, 
no direct descendants of the Samsons now exist, 
and the Suffolk horses of to-day all trace their 
pedigree through a line of some eighteen ances- 
tors to Crisp's Horse of Ufford. 

Points and Characteristics. — The Council 
of the Suffolk Horse Society have authorized 
the following scale of points for judging Suf- 
folks :— 

Points. 
Colour. — Bright-red or dark-chestnut are the 
favourite colours ; a star, little white on 
face, or few silver hairs is no detriment 5 
Head big, with broad forehead ... . . . ^ 

Necl- deep in collar, tapering gracefully I 

towards the setting of the head ...'- 10 

SJw>flde7-s long and muscular, well thrown I 
back at the withers ... ... ...J 

Carcass deep, round - ribbed from shoulder 
to flank, with graceful outline in back, 
loin, and hind quarters; wide in front and 
behind (the tail well up, with good second 

thighs) 25 

Legs should be straight, with fair sloping 
pasterns, big knees, and long clean hocks 
on short cannon bones free from coarse 
hair. Elbows turned in regarded as a 
serious defect ... ... ... ... 20 

Feet having plenty of size, with good circu- 
lar form protecting the frog 20 

Walk smart and true ... ... ... ... 10 

Trot well balanced all round, with good 

action... ... ... ... ... ... 10 

Total loo 

The Suffolk horse varies in height from 15| 
to 17 hands. In comparison with the generally 
massive body the legs are short, but they are 
hard and clean. The pasterns are short and 
strong, and free from much long hair. The bone 
should be of a flat, compact, flinty quality; large 
soft-boned legs are an undesirable feature. The 
shoulders are very long, lying rather forward 
to suit draught purposes. ' The hind quarters 
are also long and heavy, well knit, and closely 
coupled to the loin and back. The legs should 
be well set under the body; the girth should 
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be large and the flanks well let down. A some- 
what low forehead is not objected to, provided 
that the neck be strong and the head well formed 
and carried with spirit. In unison with other 
horse breeds, the Suffolk should be long, low, 
and wide. 

The distinguishing characteristics which have 
made the Suftblk pre-eminent as a draught 
horse have long been associated with the breed. 
Tn 1813 Arthur Young, writing of the county 
of Essex, mentions the fact that the Suffolk at 
that period was the favourite horse in that 
county, and was noted for his hardiness and 
vigour. According to Youatt, ' the excellence, 
and a rare one, of the old Suffolk consisted of 
his nimbleness of action, his honesty, and the 
continuance with which he would exert himself 
at a dead pull. Many a good draught horse 
knows well what he can effect, and after he has 
attempted and failed no torture of the whip can 
move him to strain his powers beyond theii' 
natural extent. The Suffolk, however, would 
tug at a dead pull till he dropped.' 

Formerly many interesting contests were held 
to determine the strength and value of special 
horses styled ' good drawers '. The horse which, 
after a series of twenty pulls and unprovided 
with a collar, raised the greatest weight was 
declared the winner. These contests were the 
occasion of many meriy gatherings of masters 
and men, and provided that sport and excite- 
ment so dear to the heart of rural England. It 
was indeed a noble sight to witness a team of 
true Suffolks, at a signal from the driver and 
without the spur of the whip, putting forth 
their giant strength and dragging everything 
before them. The immense power of the Suf- 
folks is partly accounted for by the low posi- 
tion of the shoulder, which enables the horse to 
throw so much of his weight into the collar. 

The draught power and the tenacity of the 
old Suffolk, which made the breed famous in 
the past, have been transmitted in an undimi- 
nished degree to the stock of the present day. 
The value of the Suffolk is further enhanced by 
the fact that the breed is longlived — a charac- 
teristic which, in as.sociation with his splendid 
constitution, his unrivalled vigour, and his hardi- 
ness, has won for him an enduring reputation. 
A striking testimony to his longevity is borne 
by the fact that Julian's Boxer, a well-known 
horse in his day, was advertised as a stud horse 
for 2.5 years; in another instance the united 
ages of a mare and her foal (both exhibited at 
one of the early shows of the association) was 
41 years. A team of four Suffolks, the property 
of Mr. Thomas Goodchild of Great Yeldham, 
continued to work together for 15 years with- 
out a break, and during that period not one of 
the team lost a single day through sickness. 
A case is on record of a Suffolk horse which 
continued to work in the London streets for 
23 unbroken years, and had finally to be merci- 
fully killed at the age of 29. 

No breed of horses is adapted for such a 
variety of purposes as the Suffolk. As a far- 
mer's horse he is held in high esteem. He is 
hardy and easily kept, thriving better than any 
other breed on long hours and short rations ; 



he is a splendid horse for the plough ; no dirt 
on his legs after a day's ploughing, and not sub- 
ject to grease like the heavy, hairy-legged horses. 

As a dray, or lorry horse, the Suff'olk is a 
familiar object in the streets of some of our 
southern cities. For crossing with light- bred 
mares, the Suffolk is highly appreciated. Half- 
bred Suffolks are well adapted for heavy hainess 
work. They make splendid brake horses, and 
none are superior for heavy wagonettes. Excel- 
lent specimens of heavy-bred Sufl'olks may be 
seen in the vans and drays of London ; the Con- 
tinental States use them as artillery horses. 
The ofl'spring of a thoroughbred stallion and a 
pure Suffolk mare makes a valuable hunter, 
whose success has been proved in the show yard 
and in the field. Some years ago Mr. Scawen 
Blunt crossed Arabs and Suffolks and obtained 
a carriage horse adapted for doing long-journey 
work, and capable of maintaining a sustained 
trot of 8 to 10 miles per hour. 

The management of Suffolk horses is similar 
to that of other draught breeds. The mares foal 
down as a rule during the months of April and 
May, and are allowed to run with their foals 
till August, when thej' are weaned. The foals 
are given a liberal allowance of crushed oats 
when they are taken from their dams, and this 
is continued through the first winter until there 
is sufficient grass in the spring for them to be 
turned out, after which date they have practi- 
cally no corn ; grass in the summer, with cloverhay 
and roots the following winter, being considered 
sufficient. The colts are often broken to light 
work when they are two years old, being allowed 
a run off' during harvest, and coming in for regu- 
lar work when they are 2^ years. The ordinary 
working Suffolk horse leaves the stables at 6.30 
in the morning and returns at 3 p.m., during 
which time he gets neither snip nor bite, his 
deep-ribbed carcass being adapted to these long 
hours without food. The Suffolk horse is an 
easy keeper ; 5 st. of maize and bean-meal per 
week mixed with crushed oats and bran is the 
usual food allowance. Clover hay is fed at the 
rate of 1 cwt. per horse per week, with a few 
roots during the winter months. 

The Suffolk has been exported to Canada, 
United States, and South America, to Australia 
and New Zealand, to Germany, France, Spain, 
Austria, Russia, and Sweden, and to the banks 
of the Nile, and has found favour wheievei' he 
has gone. In Australia the popularity of the 
Suffolk is rapidly increasing, because of his 
grand constitution and his ability to maintain 
condition on an allowance of food insufficient 
for other breeds. 

The Suffolk Horse Society issues periodically 
a pamphlet entitled ' The Suffolk Horse, what 
he is, and where to find him '. Eecent editions 
of this pamphlet contain advertisements of the 
leading studs, a few of which may be quoted here. 

The largest stud in Great Britain is the 
Sudbourne Hall Stud, the property of Mr. 
Kenneth M. Clark; a large share of show- 
yard honours has already come home to Sud- 
bourne Hall. In a competition at the Olympia 
Show (1910) open to all breeds, Mr. Clark won 
the championship with his team of Suffolk 
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geldings. One of the stud horses, Sudbourne j 
Count (3257), has sired many notable prize- 
winners. Sir Cuthbert Quilter, Bart., who has 
fur many years been president of the Suffolk 
Horse Society, is the owner of the Bawdsey 
Stud. The leading sire of this notable stud is 
Harvester (3076), thrice champion at the Suf- 
folk County Show. The Rendelsham Stud, 
owned by Mr. Alfred J. Smith, has a reputa- 
tion which extends over the seas, as being the 
home of famous Suflblks. Wedgewood (1749), 
the winner of the Queen's Gold Medal at Wind- 
sor, brought many trophies to his owner, and 
as a sire efi'ected a marked improvement in the 
breed, especially in regard to feet. Saturn 
(2653), an oft'spring of this famous horse, secured 
no less than forty-nine prizes, and was the winner 
of many championships. This stud enjoys a large 
and increasing export demand. Other notable 
studs are the Morston Stud at Trimley, owned 
by Mr. Arthur J. Pratt; the Bennington Stud, 
the property of Mr. E. A. Cook ; the Boulge 
Hall Stud, belonging to Mr. E. Eaton White; 
the Cockfield Stud, near Bury St. Edmunds, 
owned by Mr. Eobert Edgar ; the Lavenham 
Hall Stud, which has lately come into the hands 
of Mr. Cordy S. Wolton. Mr. A. Carlyle Smith 
and the Marquis of Graham are also owners of 
Suffolks whose reputation is in the making. 

The Suffolk Horse Society publishes periodi- 
cally a stud book, of which seventeen volumes 
have now been issued. In a recently published 
volume the entries recorded for 1908 and 1909 
embrace 195 horses and 497 mares, animals 
mostly entered as foals. During the same period 
of two years the Society has granted 130 export 
certificates. Hence, according to these figures, 
it would appear that 20 per cent of the animals 
annually bred are exported. Doubtless also, 
some horses are exported for which no certifi- 
cate is applied. 

Sales are, as a rule, eflfected by private con- 
tract. The Suffolk Horse Society, however, 
holds an annual sale towards the end of July. 
At this sale the Society foals and surplus stock 
from other studs are disposed of. In 1909 the 
average price for foals was £22, 15s. In private 
sales it is difficult to give any precise figures. 
Useful stallions are sold for export from 100 to 
250 gs., whilst first-class animals make up to 
500 gs. There appears to be a fast-increasing 
demand for young mares suitable for breeding, 
these ranging in price from 60 gs. upward. 

This article would be incomplete without 
some reference to the admirable work carried 
out by the Breeding Scheme Committee of the 
Suffolk Horse Society. The object of this scheme 
is to encourage the breeding of Suffolks amongst 
the smaller class of farmers by means of a hire- 
purchase agreement. Briefly, the scheme ope- 
rates as follows: The Society provides each 
approved applicant with a brood mare costing 
not more than 60 gs., a quarter of which is paid 
by the farmer at the time of purchase. The 
farmer, in return for the use of the mare, agrees 
to pay intei'est at the rate of 4 per cent on the 
balance of all moneys spent by the Society on 
the mare. All Society mares are entitled to the 
Society's free nominations, and must be served 



only by a stallion approved of by the Society. 
The farmer must undertake to take good care 
of the mare and not to work her unfairly, and 
to deliver the foals free of all cost and unweaned 
at Ipswich (or other appointed place), on the 
day appointed by the Society for delivery of 
such foals. Provided that the foal is in good 
health and sired by a stallion approved of by 
the Society, the farmer shall receive in respect 
thereof £\6, 10s., such a sum being placed to 
the farmer's account in the Society's book. The 
farmer also receives an equal share of any sum 
above 20 gs. which the foal may realize at the 
Society's sale. These Society foals are sold un- 
reservedly, breeders being allowed to bid and 
purchase on the same terms as the general 
public. Such a scheme as the foregoing cannot 
fail to have a marked effect in propagating 
among tenant farmers a high-class grade of Suf- 
folk horses. [f. s.] 

Suffolk Pigs have changed much of late 
years. Thirty or forty years ago they were 
mainly of a black colour, though some were 
quite white ; they were neat, compact, and 
comparatively small, weighing when fat about 
170 lb., and possessing a somewhat large pro- 
portion of fat to lean meat. Some were long 
in side, snout, and legs, and of a slate colour, 
and having comparatively little fine hair. At 
the present time the neat compact pigs of the 
white or of the black colour have no place in 
Suffolk, whilst the long-sided, slow-feeding, but 
prolific black has been crossed by a thicker and 
heavier type of black pig commonly bred in the 
west of England, and has found an opening to 
appear as a pure-bred pig. Large numbers of 
the pigs fattened in the county of Suffolk at 
the present time are from these black sows 
and sired by a Large or a Middle White boar. 
These prove to be very profitable animals for 
the feeders, and very suitable for conversion 
into the famous Wiltshire bacon. [s. s.] 

Suffolk Sheep. — In a pamphlet descrip- 
tive of this breed and written by the late 
Mr. Ernest Prentice, it is clearly shown that 
the Suffolk sheep is the result of crossing the 
old horned Norfolk — of which a few flocks still 
exist — with the Improved Southdown. For this 
reason the Suffolk combines in itself the hardi- 
ness and fecundity of the Norfolk ewe with the 
superior form and fattening properties of the 
well-bred and strong constitution of the South- 
down, and has been recognized as a pure breed 
since 1810. 

The rise of Suffolk sheep in public estimation 
has synchronized closely with the rapid develop- 
ment of the trade in chilled carcasses from the 
Antipodes, and live sheep from the vast grazing 
lands of North and South America ; the severe 
competition created by these imports rendering 
it necessary for the breeder and grazier at home 
to seek a sheep which would yield them a good 
return and at the same time prove profitable 
to the butcher. The Suffolk sheep was found 
to meet the requirements of both parties, and 
its advance in favour has been speedy and sure, 
its merits resting upon the firm foundation of 
general utility, and the fact that the Suflblk 
is essentially a tenant farmer's sheep — by far 
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the majority of breeders representing a body 
of men who are seeking the means to ensure a 
profitable return upon their capital and skill — 
affords the surest indication of a still greater 
extension in the future. 

In the early 'eighties a keen interest was 
aroused for pure-bred stock, and in 1886 the 
Eoyal Agricultural Society of England held 
their show at Norwich. To prepare for this 
and push the interests of Suflolk sheep, a large 
and influential meeting of breeders was held 
at Stowmarket on January 8, 1886, to consider 
the advisability of forming a society with this 
object. It was unanimously decided to form 
the Suffolk Sheep Society. A Council was 
elected, with the late Marquess of Bristol as 
president, and the late Mr. Ernest Prentice as 
hon. secretary. Classes "were first added to the 
' Koyal ' Schedule in this year. 

The first volume of the flock book appeared 
in 1887 and others have since been issued an- 
nually. Later on, the Editing and General Pur- 
poses, and Veterinary Committees were elected 
from the Council ; a veterinary inspector ap- 
pointed, who from time to time issues a report. 

At an earl}' date the Council decided on the 
following points: — 

Scale of Points 

Head hornless. Face black and long, and 
mnzzle moderately fine — especially in 
ewes. (A small quantity of clean white 
wool on the forehead not objected to.) 
Ears a medium length, black, and fine 
texture. Eyes bright and full ... ... 25 

Neck moderate length and well set. {In 
rams stronger, with a good crest. ) ... 5 

Shoulder broad and oblique ... ... 5 

Chest deep and "wide ... ... ... ... 5 

JBacl- and loin long, level, and well covered 
with meat and muscle. Tail broad and 
well set up. The ribs long and well 
sprung, with a full flank ... 

Ijegs and feet straight and black, with fine 
and flat bone. Woolled to knees and 
hocks, clean below. Fore legs set well 
apart. Hind legs well filled with mutton 

Belh/ {also scrotum of rams) well covered 
with wool ... 

Fleece moderately short ; close fine fibre 
without tendency to mat or felt together, 
and well defined, i.e. not shading off into 
dark wool or hair ... 

SHn fine, soft, and pink colour 

Total 



20 



20 



10 
5 

100 



The distinctive feature of Suffolk sheep is the 
jet blackness of its head and of its legs below the 
knee and hocks, which should be covered with 
fine glossy hair, not mossy. A dark-faced sheep 
is undoubtedly a more marketable commodity 
as a first-class mutton producer than a white- 
faced one, and the prepotency of the Suffolks 
makes the rams of this breed valuable for cross- 
ing purposes, as the cross-bred progeny always 
bears the facial tint of their sire. The face 
should be fairly long with a fine muzzle, espe- 



cially in the ewes, to ensure a good breeder and 
milker ; the ear thin and silky and of fair length ; 
the eyes full and bright, indicating a vigorous 
disposition, stamina, and fine quality. 

One of the first and perhaps most unique steps 
taken to bring about the improvement of flocks 
of Suffolk sheep was the institution of flock com- 
petitions, challenge cups being offered from time 
to time by various donors. The cups have been 
given for various-sized flocks, that is, flocks of 
350 ewes and upwards, flocks of not less than 
250 ewes, and flocks of not less than 100 ewes. 
The flocks have to be shown unooloured and 
'untrimmed', and 10 ewe lambs per 100 ewes 
must be shown as a sample of the flock, with 
all rams used. A challenge cup is also given for 
the best lot of ewe lambs. The judging takes 
place in October, the judges visiting the farms 
of the competitors. These competitions have 
done much to raise the standard of excellence. 
In 1899 a gold cup, the ' Bristol Champion Chal- 
lenge Cup', was offered by the Society for the 
best lot of ewes of not less than 120. Before 
this competition was started, a competitor could 
only say that he had the best flock in the class. 
This was given to see who in the opinion of 
expert judges had the best flock of the breed. 

This gold cup has been held by the following 
flockmasters: 1899 — S. P. Sherwood, Playford, 
Ipswich ; 1900— H. E. Smith, Walton, Ipswich ; 
1901— Thos. Keeble, Bentley, Ipswich; 1902— 
Cob Baird, Exning, Newmarket; 1903 — P. 
Barclay, Higham, Bury St. Edmunds ; 1904 — 
H. E. Smith, Walton, Ipswich ; 1905— P. Eagle, 
Risby, Bury St. Edmunds; 1906 — P. Eagle, 
Risby, Bury St. Edmunds; 1907— D. A. Green, 
Fingringhoe, Colchester; 1908 — D. A. Green, 
Fingringhoe, Colchester; 1909— J. R. Keeble, 
Brantham, Manningtree. 

All flocks are inspected prior to first regis- 
tration, and in order to maintain a high stan- 
dard of quality all registered flocks are re- 
inspected every fourth year. This periodical 
inspection has done much to raise the general 
standard and keep flock-owners up to the mark. 

All sheep must bear the registered mark of 
the Society and the breeder's flock number 
tattooed inside the left ear, and rams the indi- 
vidual registered number inside the right. If 
carefully done these tattoo marks will last the 
lifetime of the sheep, and afford a great pro- 
tection to purchasers. 

Early maturity is one of the best tests of the 
value of a sheep, and Suffolks are well to the 
fore in this respect, as the following particulars 
will show. Well-grazed hoggets at the age of 
8 to 10 months will yield 78 to 84 lb. of dressed 
carcass ; when exceptionally well finished, some- 
what more. 

According to the statistics of the Smithfield 
Club, the average weight of pure-bred Suffolk 
sheep entered in the carcass competitions at that 
show for the five years 1905-9 is as follows: — 





Live 
Weight. 


Carcass 
Weight, 


Fat. 


Pluck. 


Skin. 


Average percentage 

of Dressed Carcass 

to Live Weight 


Wether lambs under 10 months 
Wether sheep under 22 months 


142 -G lb. 
175-8 lb. 


89-6 lb. 
114-8 lb. 


9-1 lb. 
12 01b. 


4-8 lb. 
5-2 lb. 


13-8 lb. 
13-8 lb. 


62-85 
65-27 
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The records for live weiglits for Suffolks ex- 
hibited at the Smithfield Club Show are as 
\inder: — 



Wethers not exceeding 22 months 
Lambs not exceeding 10 months 



294 to 331 lb. 
200 to 225 lb. 



These figures compare favourably with any 
other breed, the Suffolk section having on more 
than one occasion furnished the heaviest pen of 
short-wooUed sheep in the show. Earn lambs 
are so well forward at the age of 7 to 8 months 
that they are largely used for breeding purposes. 

The annual returns collected by the Suffolk 
Sheep Society show the average number of 
lambs reared in registered flocks to have been 
133'76 per 100 ewes for the past twenty years, 
and the average loss of ewes to be about 3'83 
per cent. 

Truly remarkable evidence of the quality of 
mutton is given in the Smithfield Club Show 
Carcass competitions, instituted 1895. From the 
first, Suffolks have given proof of their superi- 
ority. In 1895 one-third of the awards in the 
class for short-wool wether sheep not exceeding 
24 months were gained by Suffolks. In 1896 
one-third of the awards in the short-wool classes 
were gained by Suffolk lambs under the age of 
10 months. In 1897 this success was repeated. 
In 1898 a Suffolk lamb obtained the Centenary 
Gold Medal for the best carcass in the yard. 
Since 1890, competing against representatives 
of nearly every pure bi'eed, Suffolks and Suffolk 
crosses have been awarded the championship 
six out of ten years, the reserve for champion 
eight out of ten years, and the first prize for 
short-wool lambs the ten years in succession ; be- 
sides approximately one-half of the total other 
awards in the short-wool and cross-bred classes. 

Wool has an important bearing upon the con- 
stitution of the animal and upon the quality of 
its flesh, for a close dense fleece of fine fibre is 
needed to protect the sheep from the inclem- 
ency of the weather, and the density of the fleece 
cannot be lessened to any great extent with- 
out losing the essential flneness of grain in the 
mutton. For these reasons Suffolk breeders 
have always endeavoured to maintain a close 
fleece with medium length of staple. The aver- 
age weight of hogget fleece on good soils is 
about 8 lb. per head of washed wool. Ewes 
will clip from 5 to 7 lb., and rams up to 14 lb. 

All sheep to be eligible for the flock book 
must be the produce of a registered flock and 
bear the tattoo mark of the breeder in the left 
ear. They must also pass the inspector ; sheep 
not considered np to the required standard are 
' cull marked ', having a hole punched through 
the left ear. 

The principal flocks and those belonging to 
the most noted breeders are in Suffolk and 
Essex, and many in Cambridgeshire and Nor- 
folk. There are also registered flocks in several 
other counties in England, also pure-bred sheep 
in Scotland, Ireland, and Wales. Many rams 
are distributed annually over Great Britain for 
crossing purposes, as they are much in demand 
to improve the mutton quality. 

Registered flocks have also been established 
in France and Germany. There are several 



flocks of pure-bred sheep in the United States 
of America, where they have an American flock 
register. A few are also to be found in Aus- 
tralia, New Zealand, Spain, and Italy. There 
are two flocks on the Transvaal Government 
farms, of high quality, where they have done 
wonderfully well, rams having been bred with 
great success. Sheep of both sexes have also 
been sent to the Argentine, Chile, and many 
other countries. 

It is impossible in this article to enumerate 
all the show-yard successes of Suffolks in open 
competition with other breeds. The following are 
those of special prominence : — 

1895-6. — Championship at the Norwich Fat -stock 
Show. 

1898.— Championship, Scottish National Fat -stock 
Club. 

1899.— Prince of AVales's Challenge Cup for the best 
pen of sheep or lambs in the show (Smithfield Club 
Show). 

1900. —Smithfield Club Show. Prince of Wales's 
Challenge Cup, for the second year in succession. 

1901. — Championship of the yard at the Scottish 
National Fat-stock Show, for a pen of cross-bred lambs 
by a Suffolk ram from half-bred ewes. 

1902. — Scottish National Fat -stock Show. Cham- 
pionship of the yard. 

1902. — Smithfield Club Show. Champion plate in the 
short- wool section. 

1907. — Championshipi of the yard, Scottish National 
Fat-stock Show. Suffolk-Border Leicester cross pen 
of tliree under nine months old, scaling 737 lb. 

Chief Markets. — Ewe lambs : Great Bentley, 
Sutton (Woodbridge), and Kesgrave (Ipswich), 
in June and July. £wes and rams: Ipswich 
and Newmarket in August and September. 

Prominent Breeders. — The names of the 
' Gold Cup ' holders have already been given. 
The following have all flrst - class registered 
flocks, and have been the most prominent 
winners at the Royal, Smithfield, and County 
shows : H. E. Smith, Walton, Ipswich ; D. A. 
Green, Fingringhoe, Colchester ; S. E. Sher- 
wood, Playford, Ipswich ; J. W. Eagle, Waltou- 
on-Naze, Essex; E. Barclay, Higham, Suffolk; 
J. R. Keeble, Brantham, Manningtree; T. Good- 
child, Great Yeldham, Essex. 

Eecoed Prices 
1898. 

Highest Price. Average. 

48 ram lambs fromi „„„ - _ m i n a 

one breeder ...f ^'^^ ^ ^ £14 11 

123 shearling ewes ... 15 10 7 12 

52 two-shear ewes... 26 10 12 

127 ewe lambs ... 10 10 4 6 
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1899. 

Highest price for ram lamb 
Next highest price ... 
Shearling ram 

40 shearling ewes from one | 
breeder, per head 

1908. 

21 ram lambs from one breeder \ 
averaged per head ) 

1909. 

400 ewe lambs from one breeder \ 
averaged per head ... ... j 

Highest price for ram lamb 
Shearling ewes made up to, per head 



, £152 

105 

99 15 



11 



23 16 6 



2 10 6 



60 18 
9 
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Flocks in East Anglia are mostly kept on 
arable land, being folded in hurdles at night, 
with a run out during the day on heathland, 
saltings, clover, and mixed leys or pasture. The 
ram breeding flocks lamb down as early in the 
year as possible; a plentiful supply of food being 
ready, such as cabbages, kale, kohlrabi, cole- 
seed, mangel, turnips, &c., and early rye. Both 
ewes and lambs are kept with a liberal supply 
of food, the lambs running forward through 
creeps into the fresh fold, having what trough 
food they will clear up. This generally consists 
of a mixture of linseed cake, crushed oats, 
cracked beans or peas, with bran or malt culms. 
When the lambs get to eat a good lot of this, 
the trough food of the ewes is proportionall}' 
decreased. Early rye grass, trifolium, red and 
white clover, and later on kale and tares, foim 
the main staple for feeding ; plenty of mangel 
is always kept for late spring and summer use. 
Lambs are docked and castrated when about 
three weeks old, and marked to show how bred. 
Most flocks lamb down the latter part of Febru- 
ary or early in March. [s. r. s.] 

Sugar Beet. See art. Beet. 

Sugar Cane is the grass Saccharuin offici- 
narmn, Linn. (nat. ord. Graminea;), the stems 
of which are highly charged with a sweet (sac- 
charine) juice, from which cr3'stallized sugar is 
manufactured. It seems fairly certain that the 
cultivation of sugar cane originated in southern 
Asia, if not in India ; at all events it was there 
known and valued for many centuries before it 
had reached the other countries in which it is 
now extensively cultivated. The Venetians ob- 
tained it from India in 1148 a.d. It was grown 
in Sicily and carried from thence to Madeira in 
1419, and to Brazil, St. Domingo, and Barbados 
a century later. It reached Morocco and Egypt 
about 1492, and Sierra Leone and Gambia in 
1620. In 1782 we read that the special Ota- 
heite cane had been conveyed to Trinidad and 
Martinique. So late as 1647 Ligon found sugar 
cane but little understood in Barbados, but 
toward the close of the 18th century it had 
been carried by the French to Louisiana. At 
the present day, sugar cane is grown through- 
out the tropics and sub-tropics, and even in 
certain warm temperate tracts ; especially in 
India, China, Indo-China, the Malaya, the West 
Indies, Mauritius, Biitish Guiana, &c., and at 
Malaga in Spain. 

It is thus originally a tropical plant, and re- 
quires a hot, moist atracsphere, alternating with 
periods of dry weather. Rich porous clays or 
alluvial soils are best suited : in other words, a 
mixture of clay and loam with plenty mineral 
matter, especially lime. It is an exhausting 
crop, and cannot be grown on the same soil 
continuously unless liberally manured. Prox- 
imity to sea breezes seems to be advantageous, 
hence the success attained in insular situations. 
The vicinity to streams, so as to secure subsoil 
moisture, is distinctly a valuable condition. It 
is a gigantic grass, the stems of which (produced 
in clumps) may be from 3 to 12 ft. in height 
and f to 2 in. in diameter. About October 
certain of the canes produce flowering shoots 
(the arrows as they are called), but these only 
VOL. XI. 



very rarely become impregnated. In conse- 
quence the cane rarely fruits, so that lepioduc- 
tion for the most part has to be by stem cuttings 
of two or three joints. These should be taken 
from about the middle of strong healthy stems; 
not the useless tops, only too often so utilized 
in selfish and shortsighted cultivation. Un- 
fortunately the planters in most countries have 
not given the selection of stock the attention 
which the impoitance of the subject demands. 
Diversity has been attained from accidental 
sports and climate variations, though recently 
it has been found that almost any desired stock 
can be readily procured through crossbreeding 
the existing plants, and thus producing valu- 
able seedlings. It has been affirmed that a good 
cane is one that will yield 70 per cent of juice, 
which will ultimately afford 15 per cent of 
sugar, and which contains not more than 17 per 
cent of glucose. The following are the chief 
canes of commerce : — 

1. Mauritius, perhaps only a violet Javan 
cane. 

2. Otaheite, a yellow or sti-aw-coloured cane 
with broad leaves of a pale green and which 
droop considerably, especially on nearing ma- 
turity. 

3. Bourbon, Reunion, or Madagascar. 

4. Batavian : various kinds, such as the yellow- 
violet, purple-violet Javan, and the transparent 
or ribbon canes. The yellow-violet is smaller 
and less juicy than the Bourbon and Otaheite, 
but more hardy, and has the foliage dark-gieen 
and erect. The purple-violet is much thicker, 
the joints very long, and the leaves very dark 
green ; it is rich in juice, but difficult to grind. 
The transparent or ribbon is bright yellow, 
blotched with red; its chief merit tuins on the 
fact that it will grow on light soils almost un- 
suited to any other canes. 

b. China : these are hardy and prolific, not 
liable to be attacked by white ants nor jackals, 
and able to withstand the hot weather. 

6. Singapore : the canes of this class hardly 
differ from those of Batavia and Bourbon. The 
best known is the Selangore, distinguished by 
the large amount of white powder or blush on 
the surface. The leaves are very broad and 
deeply serrated on the edges, also dark-green 
in colour. It is closely allied to the Otaheite. 
The red-purple cane of Singapore and the red 
cane of Bombay are perhaps identical. 

Apart from the race of plant grown, and the 
improvements that have been and are possible 
in the stock, there would seem a wide lange in 
yield of cane to the acre, in percentage of juice 
afforded, and in the amount of crystalline sugar 
available, due very possibly to climate, soil, and 
method of cultivation pursued. Few crops, in 
fact, respond more immediately and profitably 
to liberal treatment. And what is perhaps 
even more curious, there are such differences 
in methods and results of manufacture, that in 
some countries with a low yield of cane, sugar 
is nevertheless produced at quite as reasonable 
a figure, and with an even more satisfactory 
result financially, than in others where nature 
seems exceptionally bountiful. The yield of 
cane to the aci-e has been thus stated : 36 tons 

167 



146 



Sugar Cane 



in Java, 33'4 in the Sandwich Islands, 30 in 
British Guiana, 22 in Egypt, 15 to 20 in India, 
16 in Queensland, and 15-2 in Japan. So in the 
same way the yield of sugar to the acre has 
been given as follows: a little under 1 ton to 
the acre in India, 11 in Japan, 1'6 in Queens- 
land, 1-8 in British Guiana, 2-2 in Egypt, 3-6 in 
Java, and 8 in the Sandwich Islands. Accord- 
ing to some estimates the West Indies give as 
much as 3 tons of sugar to the acre, to others 
only about half that quantity. But as indica- 
tive very possibly of improvements accomplished 
in manufacture, it is stated that in Java sugar 
costs £8, 12s. 6d. and in Queensland £8, 15s., 
notwithstanding that in the former the yield 
of cane is double that of the latter. 

The tillage pursued depends largely on the 
intelligence and resources of the cultivator. 
When grown as an occasional crop in rotation 
with others, sugar cane is regarded as beneficial, 
since unless the land be liberally ploughed and 
generously manured it will not pay, and the 
crops that follow thus benefit from the effort 
put forth in sugar-cane production. It is cus- 
tomary in India, for example, to allow the land 
to lie fallow for a year before planting, and to 
plough and harrow it in the interval from 
twenty to forty times ; oilcake, farmyard man- 
ure, and (when indicated as necessary) lime are 
the manures resorted to. On the other hand, in 
countries where rotation is not possible or desir- 
able, such as in many parts of the West Indies, 
the fertility of the soil is preserved by syste- 
matic manuring with farmyard manure, guano, 
gypsum, superphosphate, and other manures. 

It is customary to preserve the cuttings or 
sets in a pit from the harvest season to the 
ensuing planting time. In some localities the 
cuttings are sprouted in a nursery and in others 
planted direct into their final positions, or 
' plants ' are obtained from ' ratooned ' stocks. 
They are usually assorted along the crest of the 
ridges, made across the field in the final pre- 
paration of the soil, or they are deposited in 
special holes, in fallow land, dug to a depth of 
2 ft. and separately manured. Formerly the 
plants were set much closer than is commonly 
the case in larger plantations to-day. Three 
feet between the ridges and 2 ft. from each 
other were ordinary distances, and sometimes 
•even closer. But it is now preferred to give 
spacings double those mentioned. On rich soils 
the distances apart may be increased, and on 
poor soils decreased, thus providing for the 
growth likely to ensue. It is also customary 
to place two cuttings at each place, and to bury 
these in a slanting position, 5 or 6 in. below, 
and 1 in. left above the surface. At each of 
the joints below, a bud will form which will 
send shoots upwards and roots downwards. 
These first-formed shoots are called the ' mother 
plants ', and it is usual to nip the tops off as 
soon as two or more joints have formed above- 
ground. This pruning causes a copious branch- 
ing, which results in each stool becoming a dense 
clump of canes. Vacancies that become mani- 
fest are best filled up from a surplus stock in 
the nursery. The seasons of planting and reap- 
ing vary greatly according to the climatic con- 



ditions of the countries concerned. In India, 
for example, the planting season varies from 
November up to April, the most general being 
February and March. In the West Indies the 
planting time is October to January. The reap- 
ing season in India ranges from November to 
January, and in the West Indies from January 
to May. 

During the growing season constant weeding 
is necessary until the canes have elongated suf- 
ficiently to check the growth of weeds. Occa- 
sionally also a light ploughing is given, between 
the lines of canes, and in most localities water- 
ing, from three to twelve times during the 
growing season, may be necessary, but exces- 
sive watering is dangerous. As the plants grow 
the lower leaves wither, but usually remain 
attached to the stems. In dry weather these 
leaves must be left alone; but in localities with 
heavy moisture, on the approach of maturity, it 
may be necessary to remove the leaves so as to 
secure a freer circulation of air. In India it is 
also a frequent practice to bind the top leaves 
of two or three shoots together, thus bringing 
the canes into compact clumps, and thereby 
saving them from being blown over or broken 
by the winds ; this also checks the ravages of 
jackals. If the leaves have begun to change 
colour and the buds on the shoots (the eye-buds 
as they are called) have been fully developed, 
the canes are ripe for being cut. The skin will 
then be seen to have become dry, smooth, and 
brittle ; the juice will be sweet, and the inner 
tissue dry and gritty, whereas in unripe canes 
it is soft, moist, and pulpy. 

After the canes are cut from the field they 
are tied into bundles and carried off to the mill, 
where they are crushed and the juice thus 
extracted. Since the juice is very subject to 
become fermented and thus seriously injured, 
it has to be boiled down to a thick coarse sugar 
as soon as possible. In the smaller factories 
that is all that is attempted, the raw or musco- 
vado sugar being consigned to the refineries to 
be crystallized. But in the larger concerns, com- 
plicated and expensive machinery is employed 
by which crystalline sugar is at once produced. 
It would be beyond the scope of the present 
article to deal with these, but briefly it may be 
said the two chief methods of obtaining the 
sugar from the cane are (a) crushing aud (b) 
diffusion. By the first the supply of ripe canes 
is regulated by the capabilities of the factory. 
Various kinds of mills are used, all more or less 
developments of the crude hand-mills still in 
use in India. The canes are passed between 
rollers which either work horizontally or verti- 
cally. And they are so adjusted as to give the 
desired pressure. The canes are broken up, the 
juice squeezed from them, and the megass or 
bruised residue is in the more primitive fac- 
tories used as part of the fuel for boiling down 
the juice. But by the crushing process the 
whole of the juice is not removed, and this fact 
has recently led to the adoption of the second 
process, where a far greater proportion of the 
saccharine fluid is removed. In place of crush- 
ing, the canes are sliced in a slanting direction 
into thin pieces -^ in. in thickness, and these 
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are at once conveyed to the diffusion batteries, 
where they ai-e subjected to water at a very 
high temperature. This coagulates the albumen 
and extracts practically all the sugar from the 
cells. It is also maintained that an economy 
of power is effected in slicing and macerating 
rather than by crushing the canes. [o. w.] 

Sugars. — The term ' sugar ' was formerly 
applied to all sweet-tasting substances, but in 
modern times has come to be limited to the 
crystallizable sweet principles of plant juices, 
notably those of the sugar cane and sugar beet. 
The chemist now uses the term ' sugars ' as a 
collective name for a large number of such sub- 
stances, some of which have been isolated from 
vegetable or animal matters, whilst others are 
purely artificial products. They are all closely 
related in chemical composition and belong to 
the important group known as the caibohydrates 
(see art. Carbohydrates). 

These sugars are all colourless, crystallizable, 
sweet-tasting substances, easily soluble in water, 
readily decomposed on heating, giving first brown 
caramel-like products, and finally a black mass 
of carbon. Many of them are easily oxidized, as 
is evidenced by the red precipitate of cuprous 
oxide that they produce when warmed with an 
alkaline solution of copper sulphate. The sul- 
phate of copper is said to be reduced, and hence 
the name of ' reducing sugars ' is often applied 
to those sugars which react in this way. 

Out of the numerous sugars now known, only 
a few are of practical importance. These com- 
monly occurring sugars belong to two classes, 
viz. : — 

A. Monosaccharoses, oi" Ghtcose Group. Also termed 
hexoses or monoses. Chemical formula, CgHisOg. 

Examples. — Glucose {dextrose, or grape sugar). 
Fructose (Ijevulose, or fruit sugar). 
Galactose. 

B. Disacckaroses, or Cane-sugar Group. Also termed 
hexobioses or bioses. Chemical formula, C12H22O11. 

Examples, — Sucrose (cane or beet sugar). 
Maltose, or malt sugar. 
Lactose, or milk sugar. 

The disaccharoses are derivatives of the mono- 
saccharoses, two monosaccharose molecules inter- 
acting together with elimination of the elements 
of water and production of a disaccharose. 
SCgHisOe — H2O = Ci2H220n. 

This process can indeed be easily reversed if 
the disaccharose be submitted to the action of 
acidulated water or an appropriate enzyme. 
"Water is then brought into chemical reaction 
with the disaccharose molecule, and brings 
about its dissolution into the two monosac- 
charose molecules from which it was originally 
built up. Thus when treated in this way 

Sucrose gives glucose -H fructose. 
Maltose ,, glucose alone. 
Lactose ,, glucose -t- galactose. 

Not only are the monosaccharoses the parent 
substances of the disaccharoses, but the dex- 
trins, starch, and cellulose are also derived from 
them in similar, although more complex fashion. 
The monosaccharoses are the first caibohydrates 



produced from carbonic acid in the green parts 
of plants, their creation being a necessary pre- 
liminary to the formation of othei' carbohydrates 
(starch, cellulose, &c.), oils, vegetable acids, and 
probablymanyalbuminoids. Furthermore, when 
the carbohydrates of plants undergo digestion 
in the animal body they are resolved again into 
monosaccharoses. These monosaccharose sugars 
must therefore be regarded as of fundamental 
importance in connection with the vital activities 
of both plants and animals. 

The following summary will serve to indicate 
the distribution and characteristics of the com- 
mon sugars tabulated above. 

Glucose (dextrose, or grape sugar) is the 
most widely distributed of sugars. It occurs, 
usually along with fructose, in practically all 
plant juices in greatly varying proportions. It 
is the chief sugar in unripe fruits, but as ripen- 
ing progresses the proportions of fructose and 
sucrose increase. It is also present in appreci- 
able quantities in turnips and in the young 
shoots of grasses or corn. Its chief occurrence 
in animal products is in honey, which com- 
monly contains about 40 per cent each of glu- 
cose and fructose, along with 16 to 18 per cent 
of water. It occurs in small proportion in the 
blood, and in cases of diabetes is found in ap- 
preciable quantities in the urine. 

Glucose is manufactured in large quantities 
from starch. The starch is heated with dilute 
sulphuric acid under pressure until the con- 
version to glucose is complete. The free acid 
is then neutralized with lime, and the clarified 
liquor evaporated down to obtain the glucose. 

Pure glucose is a colourless crystalline sub- 
stance, easily soluble in water, sparingly soluble 
in alcohol. It differs from ordinary sugar in 
being less sweet, directly fermentable to alcohol 
by brewers' yeast, and in possessing reducing 
properties. It enters into the constitution of all 
the common disaccharoses, and also of dextrin, 
starch, and cellulose, so that in many respects it 
is the most important of all carbohydrates. 

It is largely used as a cheap substitute for 
ordinary sugar in the making of jam, confec- 
tionery, liqueurs, wines, &c., and as a substitute 
for malt in the brewery. 

Fructose (Itevulose, or fruit sugar) occurs 
along with glucose in most sweet fruits, ' roots ', 
and honey. It may be obtained along with an 
equal amount of glucose by boiling ordinary 
sugar with dilute acids or subjecting it to the 
action of the enzyme invertase. The mixture 
of sugars thus obtained is known in commerce 
as ' invert sugar '. Pure fructose is most con- 
veniently obtained by the action of dilute acid 
upon the carbohydrate inulin (found in the 
Jerusalem artichoke and a few other plants). 

Fructose is, in the main, very similar to glu- 
cose, but differs in being more soluble in water, 
more difficult to crystallize, and less rapidly 
fermented by ordinary yeast. 

Galactose is chiefly of importance in its 
relation to the sugar of milk (lactose). It is not 
widely distributed as such, and in general char- 
acter and properties resembles the other mono- 
saccharose sugars. It may be obtained by the 
action of dilute acid upon lactose or many gums. 
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Sucrose (cane- or beet-sugar ; saccharose) is 
the most valuable commercially of all sugars. 
It occurs very widely distributed in plants, 
notably in the sugar cane (15 to 20 per cent) 
and in the sugar beet (14 to 17 per cent). It is 
also present in moderate proportions in mangels 
and carrots (6 to 10 per cent), the stems of 
young maize (5 to 7 per cent), the spring sap of 
the sugar maple (7 to 9 per cent), and in many 
fruits. It has been manufactured from the 
sugar cane from the very earliest times, and 
from the sugar beet since the later years of the 
18th century. The processes are practically 
identical, whether the cane or the beet be used 
as raw material. 

The cane is crushed between iron rollers to 
express the juice (or the beet cut up into small 
portions), and thoroughly extracted with water. 
The extract (containing besides the sugar, small 
quantities of albuminoids, organic acids, salts, &c. ) 
is filtered, heated nearly to boiling, and treated 
with milk of lime in order to neutralize acids 
and precipitate albuminoids that have passed 
into solution with the sugar. The excess of 
lime is removed by passing carbonic acid gas 
through the hot dark-brown liquor, which is 
then decolorized by treatment with sulphur 
dioxide. The filtered liquor is then evaporated 
down under reduced pressure until the sugar 
begins to crystallize out. The brown crystals 
are separated from the viscous dark-coloured 
mother-liquid (molasses) by the application of 
centrifugal force, and are purified by washing 
with pure sugar solution and recrystallization. 
Further quantities of crj-stallized sugar can also 
be obtained from the molasses by special pro- 
cesses, but a residuary molasses always remains 
containing sugar which cannot be pi'ofitably 
extracted in crystalline form. This is either 
fermented to rum or used for feeding purposes. 
See Molasses. 

Sucrose is easily soluble in water, but almost 
insoluble in alcohol. On long boiling with water 
it loses its property of crystallization. On heat- 
ing to 160° C. it melts, and if then cooled solidi- 
fies in the transparent, non-crystalline form of 
'barley sugar', which gradually becomes crystal- 
line and loses its transparency. If more strongly 
heated (190° to 200° C.) it becomes coloured first 
yellow, then gradually deepening to dark-brown 
as the sugar is converted into caramel. At still 
higher temperatures it decomposes, with sepa- 
ration of carbon and evolution of considerable 
quantities of combustible gases. 

Sucrose does not reduce alkaline copper solu- 
tion, and is not directly fermentable to alcohol, 
but must first be converted into ' invert sugar '. 
Ordinary yeast contains an enzyme (invertin) 
which is capable of efi'ecting this necessary pre- 
liminary to the alcoholic fermentation. A use- 
ful property of sucrose is its power of combining 
with lime and similar bases, forming easily de- 
composable saccharates. 

Sucrose is now a universal article of human 
diet, and is used in immense quantities in a 
great variety of ways, e.g. for sweetening food 
and drink, for confectionery, and as a preserva- 
tive for fruit in jam-making, fruit-bottling, &c. 

Maltose (malt sugar) occurs in small quan- 



tities in most plants, notably in germinating 
seeds. It arises, along with dextrin, from the 
action of the enzyme diastase upon starch. Use 
is made of this property in the manufacture 
of alcohol and various alcoholic liquors from 
starchy materials, the diastase being supplied 
in the form of germinated barley (malt) or 
other cereal grain. 

Maltose is very similar in character to glu- 
cose, showing reducing properties, and being 
capable of direct fermentation to alcohol. It is 
readily converted to glucose either by the action 
of dilute acid or by the enzyme glucase. 

Lactose is only found in milk, cow's milk 
containing usually from i\ to 5 per cent. It is 
obtained from whey by evaporating down (best 
under reduced pressure), after first removing 
albuminoids and neutralizing acids present by 
an addition of lime. 

It is less soluble in water and less sweet than 
ordinary sugar, and can reduce alkaline copper 
solution slowly at boiling temperature. It is 
not directly fermentable to alcohol by ordinary 
yeast. On boiling with dilute acids, or treat- 
ment with the enzyme galactase, it gives a mix- 
ture of glucose and galactose. Certain bacteria 
with which milk is always contaminated readily 
convert it into lactic acid. It is the most slowly 
digested of all sugars. [c. c] 

Suint is the name given to the potash com- 
pounds deposited on sheep's wool from perspira- 
tion. It is a mixture of oleate, palmitate, chloride, 
sulphate, and sudorate of potassium. Being 
soluble in water, the greater part of the suint 
is removed from the fleece when the sheep are 
washed before shearing. In the case of Merino 
sheep it amounts to one-half of the weight of 
the unwashed wool, in ordinary sheep it varies 
from 30 to 40 per cent of the total weight of 
the fleece. The utilization of suint as a source 
of potash is practised in France, Belgium, and 
Germany. Instead of the wash water escaping 
into the drains, it is either allowed to run on 
to the land, or it is evaporated and the residue 
incinerated. The cinder left yields its potash 
by treatment with water. On an average, raw 
wool yields 4 per cent of its weight of pure 
potash. [r. a. b.] 

Sulphate of Ammonia. — Ammonia is 
a pungent gas remarkable for its great solu- 
bility in water and for its basic properties; it 
combines energetically with almost all acids. 
It is a compound of nitrogen and hj'drogen 
represented chemically by the formula NHs, 
and its compound with sulphuric acid, com- 
monly called sulphate of ammonia, is NjHsSOj. 
The pure sulphate of ammonia therefore con- 
tains 25-8 per cent of ammonia or 21 '2 per cent 
of nitrogen. The commercial material, which 
should not have more than 5 per cent of im- 
purity, will thus contain not less than 20-2 per 
cent of nitrogen or 24-5 per cent of ammonia. 
While generally sold in a fair state of purity, 
containing chiefly tarry matter and moisture as 
harmless contaminations, ammonium sulpho- 
cyanate is sometimes present, which is poisonous 
to vegetation; this can be i-eadily detected by 
the red colour it gives with perchloride of iron. 
Sulphate of ammonia may be readily recognized 
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by the strong ammoniacal odour it emits on 
heating with an alkali or with lime or chalk. 
When heated on a shovel to dull redness it 
should leave no residue, showing its freedom 
from adulteration with fixed substances such as 
common salt. The chief source of ammonia is 
coal ; this on being heated in the process of coal- 
gas manufacture yields part of its nitrogen in 
the form of ammonia. The ammonia is con- 
verted into sulphate of ammonia, and put on 
the market at a price which constitutes it one 
of the cheapest, as it is also one of the most 
valuable, of the nitrogenous manures. 

When brought into the soil, sulphate of am- 
monia undergoes three chemical changes: (1) it 
reacts with the carbonate of lime in the soil to 
produce carbonate of ammonia and sulphate of 
lime, the latter being then leached out of the 
soil in the drainage ; (2) the ammonium radicle 
reacts with the zeolites of the clay and with the 
lime salts of humic acids so as to fix the am- 
monia and to liberate a corresponding quantity 
of sodium or calcium; (3) the ammonia is oxidized 
by the nitrifying bacilli first into nitrite then 
into nitrate of lime, a supply of oxygen and of 
carbonate of lime (perhaps in some cases sili- 
cate of lime 01' other basic materials) being 
necessaiy for the reaction. This nitrification 
proceeds but slowly in cold weather, but as the 
temperature rises it progresses rapidly under 
favourable conditions, of which the most impor- 
tant is the free access of air to the soil. So 
long as the ammonia remains unnitrified its 
combination with zeolites and with the acids of 
humus prevents its loss by drainage in all but 
the lightest soils ; but as it becomes converted 
into nitrate there is nothing to prevent any 
that is not absorbed by the roots of plants being 
lost if and when there is sufficient rainfall to 
cause the drains to run. In the process of nitrifi- 
cation, ammonia is converted by oxidation into 
nitric acid, and both this and the sulphuric acid 
with which it was combined have to be neutra- 
lized by a base. In this way 1 cwt. of sulphate 
of ammonia will deplete the soil of about l|- cwt. 
of carbonate of lime, though this effect is some- 
what reduced by the fact that, in absorbing 
nitrates from the soil, plants return thereto a 
considerable proportion of the base with which 
the nitric acid was combined. Nevertheless it 
is not wise to use sulphate of ammonia on soils 
poor in carbonate of lime. But where the 
poverty in carbonate of lime is not extreme, 
by mixing sulphate of ammonia and nitrate of 
soda in equal proportions the objection to the 
use of the former is obviated. 

It follows from what has been stated above 
that, in cold weather especially, sulphate of am- 
monia is .somewhat slower in action than nitrate 
of soda, and also somewhat less readily washed 
out of the soil. But as compared with manures 
containing nitrogen in organic combination, sul- 
phate of ammonia is a quick-acting manure. In 
fact it may be put th us : that organic manures 
are more or less quick acting in proportion as 
they are more or less quickly converted into 
ammonia. Sulphate of ammonia at £12 per ton 
costs only about lis. 9rf. per unit of nitrogen, 
and is as cheap as nitrate of soda at £9 per ton 



or thereabouts. It is therefore, in all cases for 
which it is suited, one of the most economical 
of all manures. When it is required to pro- 
vide a steady supply of nitrates over the whole 
period of active growth, some oiganic manures, 
such as guano, for instance, have definite advan- 
tages ; but as only a part of their nitrogen be- 
comes available even during a whole year, it 
is evident that in many cases they cost more 
in proportion to the nitrate supplied for the 
cun'ent year's crop. For example, dissolved 
bones might often be advantageously replaced 
by a mixture of sulphate of ammonia and super- 
phosphate on soils not poor in carbonate of 
lime ; kainit or sulphate of potash being added 
or not, as required. 

As compared with nitrate of soda, sulphate 
of ammonia is to be preferred for malting 
barley ; for wheat the choice between these two 
manures is more dependent on conditions of 
soil and season ; but nitrate of soda gives the 
greater yield of straw. Amongst root crops, 
sulphate of ammonia is better for potatoes, but 
nitrate for mangolds and (in small quantities) 
for swedes. For grassland nitrate has the ad- 
vantage that it encourages deeper looting and 
the deeper-rooting species, and thus makes the 
meadow more capable of resisting drought. 

Sulphate of ammonia should not be mixed 
with basic slag nor with lime or carbonate of 
lime, as these would liberate the ammonia and 
render it liable to be lost ; but the affinity of 
the soil for ammonia is such, that no loss will 
accrue from putting either of these materials 
on the land at the same time as sulphate of 
ammonia. [c. M. L.] 

Sulphate of Copper (Copper Vitriol, 
Blue Vitriol, or Bluestone), CUSO45H2O, the 
most important salt of copper, occurs in the 
drainage water from copper mines, and is ob- 
tained as a by-product from various metallur- 
gical industries. It crystallizes in large trans- 
parent blue crystals which dissolve faii-ly easily 
in cold water, especially if finely powdered, but 
are much more soluble in hot water. 

Copper sulphate is largely employed for the 
destruction of charlock, for the pickling of seed 
wheat to prevent smut and bunt, and for the 
spraying of potatoes, &c. In purchasing sul- 
phate of copper, the pure salt, guaranteed to 
contain 98 per cent copper sulphate, should 
always be specified. The so-called ' agricultural 
bluestone ' is very impure, and sometimes con- 
tains as much as 20 per cent sulphate of iron, 
which renders it much less effective. It should 
also be obtained either ground or in the form 
of small crystals, as both these forms are much 
more readily soluble than the large crystals of 
the salt. Solutions should be made up with 
clean soft water, always in wooden vessels, as 
iron and zinc are attacked by the sulphate of 
copper. Copper sulphate is poisonous, and solu- 
tions of it, or the vessels employed in making 
them, should never be left in the way of farm 
animals. 

Pickling of Orain. — For the prevention of 
bunt and smut in cereals, two methods may be 
adopted: the seed may either be steeped for 
twelve to sixteen hours, with frequent stirring. 
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in a |-per-cent solution of the copper sulphate, 
or the grain may be spread on the floor and 
watered with a 10-per-cent solution of the salt. 
For the latter treatment 1 lb. of copper sulphate 
dissolved in 1 gal. of water is sufficient for about 
4 bus. of seed. The seed, after treatment, should 
be spread out in a thin layer to dry. See Oats 
and Barley — Parasitic "Funoi. 

Charlock Spraying. — The usual amounts ap- 
plied for this purpose are 40 gal. of a 4-per-cent 
solution, or 50 gal. of a 3-per-cent solution per 
acre. 3 lb. copper sulphate in 10 gal. of water 
gives a 3-per-cent solution, and 15 lb. dissolved 
in 50 gal. of water will therefore seive to treat 
1 ac. See Mustard Weeds; Charlock; Spray- 
ing. 

Potato Spraying. — For the prevention of po- 
tato disease the copper sulphate is applied in the 
form of ' Bordeaux mixture', prepared by adding 
slaked lime to a solution of the sulphate, whereby 
the copper is precipitated as a basic salt. 9i lb. 
copper sulphate, 9^ lb. freshly burned quicklime, 
and 100 gal. water are the proportions commonly 
employed. Recently, however, a more dilute 
solution has been shown to give equally effec- 
tive results: copper sulphate, 2 oz., saturated 
lime water, 13^ pt., and water to make up to 
9^ gal. This mixture can be had in the form 
of ' Woburu Bordeaux Paste ', which is equally 
effective ; 15 lb. paste to 100 gal. water is the 
strength employed 

The quicklime is first slaked, and then the 
bulk of the water added, and the mixture stirred 
from time to time for half an hour. Then, after 
standing a short time, the copper sulphate, dis- 
solved in a little water, is added, and the mix- 
ture well stirred. Further stirring should be 
avoided. 

The mixture should contain no copper in solu- 
tion. A little of the mixture is placed in a 
white saucer, and a few drops of a solution of 
potassium ferrocyanide (obtainable from any 
chemist) added. A reddish-brown colour will 
appear if copper is present; in such cases more 
lime is added until the copper is all precipitated. 

Soda Bordeaux. — In this case 17i lb. car- 
bonate of soda (washing soda) is used in place 
of the lime. The soda is dissolved in water and 
the solutions mixed as before. 

Bordeaux mixture is also used in the treat- 
ment of various fungoid diseases of trees. 

Footrot in Sheep. — A 10-per-cent solution of 
copper sulphate (1 lb. to 1 gal. of water) is used 
as a footbath for the prevention and cure of 
this disease. See Footrot in Sheep, [a. l.] 

Sulphate of Iron (Green Vitriol, Cop- 
peras, or Ferrous Sulphate), FeSOj, THjO, is 
prepared from iron pyrites, either by roasting 
or by exposing the pyrites to the oxidizing 
action of moist air. It is readily soluble in 
water. A solution of sulphate of iron readily 
undergoes oxidation on exposure to the air. 

Sulphate of iron is largely employed as a 
fungicide and as a winter wash for the destruc- 
tion of lichens and moss on the trunks and 
branches of fruit trees. For the latter pur- 
pose a 10-per-cent solution of the salt (1 lb. 
sulphate of iron in 1 gal. water) is commonly 
employed. See art. Fungicides. 



Sulphate of iron was formerly used to a cer- 
tain extent in place of sulphate of copper for 
the destruction of charlock. As a much stronger 
solution is required (15 per cent), and as the 
solution readily undergoes oxidation and is 
unpleasant to handle, it is now infrequently 
used. 

The use of sulphate of iron as a manure has 
been suggested from time to time. The amount 
of iron required by plants, however, is exces- 
sively small, and most soils are abundantly sup- 
plied with iron compounds, generally in a suffi- 
ciently soluble form to be readily available for 
plant use. There appears to be no sufficient 
evidence that sulphate of iron is of value as an 
iron manure. The beneficial effects said to fol- 
low a dressing in gardens may be the result of 
its action as a fungicide and not because it sup- 
plies iron to the soil. Its use has been recom- 
mended as a remedy for chlorosis when this is 
due to a deficiency of available iron salts in the 
soil. [a. l.] 

Sulphate of Lime. See Gypsum. 

Sulphate of Potash, or Potassium 
Sulphate (K2SO4), is a white crystalline salt 
which is easily soluble in water. It can be ob- 
tained by acting on the chloride or carbonate of 
potash with sulphuric acid, and is, to a certain 
extent, prepared in this way. But the largest 
quantities are obtained from crude salts found 
in the German potash mines, which contain sul- 
phate of potash along with salts of sodium and 
magnesium. Sulphate of potash is used exten- 
sively as a manure, but there are also large quan- 
tities used for other purposes. 

The output from the German potash mines, 
which are the principal source of supply, has 
been as follows: — 





Sulphate of Potash. 


Sulphate of Potash- 
Magnesia. 


1886 
1896 
1906 


3,639 tons. 
13,889 „ 
51,198 „ 


10,111 tons. 

4,622 „ 
37,110 „ 



In addition to that obtained from Ger- 
many, a considerable amount of sulphate of 
potash is made in Scotland from the ash of 
seaweed. 

The sulphate of potash used as manure is of 
various grades of purity. The highest grade 
contains about 98 per cent of potassium sul- 
phate, corresponding to over 52 per cent of pure 
potash, while a lower grade contains about 90 
per cent of potassium sulphate, corresponding 
to about 48 per cent of pure potash. The double 
sulphate of potash-magnesia, which contains a 
large proportion of magnesium sulphate, is also 
usually called sulphate of potash in this coun- 
try. It contains about 50 per cent of potas- 
sium sulphate, corresponding to about 27 per 
cent of pure potash, and is now little used in 
Britain. 

Sulphate of potash is the least extensively 
used of the potash manures. Muriate of pot- 
ash, potash manure salts, and kainite, all of 
which contain their potash mainly in the form 
of chloride, are all far more extensively used. 
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Most mixed manures contain one of these and 
not sulphate of potash. 

Sulphate of potash is preferred to any of the 
other potash manures for certain purposes, such 
as the manuring of potatoes and tobacco. With 
potatoes it gives tubers of better quality than 
are given by a manure containing its potash in 
the form of chloride. 

Sulphate of potash is the dearest of the potash 
manures per unit of potash. This is because it 
costs rather more to manufacture this salt than 
it does to manufacture muriate of potash or 
potash manure salt (see Muriate or Potash). 
Except in the cases mentioned, therefore, it is 
more economical to use one of the other potash 
manures in preference to sulphate of potash. 
So far as weight of crop goes, even in the case 
of potatoes, muriate of potash appears to give 
quite as good a result as the sulphate. See 
also art. Potash Manures. [j. h.] 

Sulphur is a non-metallic element occurring 
in the free state in nature, chiefly in volcanic 
regions. In Italy and Sicily large quantities 
of native sulphur are found, and these form the 
principal European source. Large deposits also 
occur in Transylvania, China, Iceland, India, 
California, and the Yellowstone district of the 
Eocky Mountains. The sulphur of commerce 
is of two kinds, namely, flowers of sulphur and 
lump, stick, or roll sulphur, commonly called 
brimstone. The chief sources of sulphur are 
native sulphur, and sulphides of the metallic 
elements. The principal uses of sulphur are 
for the manufacture of sulphuric acid, as a 
fungicide, as a constituent of washes for eradi- 
cating insect pests, for vulcanizing rubber, and 
for bleaching and disinfecting purposes. As 
milk of sulphur it possesses medicinal proper- 
ties. Sulphur is an essential element in plant 
and animal nutrition. [r. a. b.] 

Sulphur Compounds have played an 
important part in the development of many 
technical and other industries. When burnt 
in air, sulphur forms the important compound 
sulphur dioxide. This gas in presence of mois- 
ture bleaches vegetable colouring matters, and 
for this reason is used extensively in the bleach- 
ing of straw, silk, wool, &c. It is one of the 
most powerful disinfectants, and is extensively 
used for that purpose. It dissolves in water, 
forming sulphurous acid, which forms salts 
called sulphites. The alkaline salts of this acid 
are employed for the preservation of some tinned 
and potted foods. Perhaps the most extensive 
use of sulphur dioxide is for the preparation of 
sulphuric acid. Sulphurous and sulphuric are 
the two important acids of sulphur. Sodium 
hyposulphite, a salt of sulphurous acid, is of im- 
portance as a fixer in photography. The salts of 
sulphuric acid, called sulphates or vitriols, are 
of considerable commercial importance ; some 
of the principal being — copper sulphate or blue 
vitriol or bluestone, iron sulphate or green 
vitriol or copperas, and zinc sulphate or white 
vitriol. Other sulphates of value are gypsum 
or calcium sulphate, heavy spar or barium sul- 
phate, and Glauber salts or sodium sulphate, 
and the alums. With hydrogen, sulphur forms 
the evil - smelling gas sulphuretted hydrogen. 



Many ores occur as compounds of this gas; some 
of the principal being — galena, or lead sulphide, 
zinc blende or zinc sulphide, pyrites or iron sul- 

Ehide, stibnite or antimony sulphide, and cinna- 
ar or mercury sulphide, &c. With the element 
carbon, sulphur forms the important liquid car- 
bon disulphide, used for extracting oils, per- 
fumes, &c. Sulphur is also a constituent of 
an important class of organic compounds called 
proteins, and of many other compounds found 
in plants and animals. [r. a. b.] 

Sulphuric Acid (Oil of Vitriol, or Vitriolic 
Acid), HjSOj, is probably the most important 
of all chemicals, because of its extensive use in 
a very large number of manufacturing opera- 
tions. Enormous quantities of this acid are 
annually produced, and its manufacture forms 
an important chemical industry. It is prepared 
commercially by passing the following gases, 
sulphur dioxide, nitrogen peroxide, and steam, 
into a large leaden chamber, where they react 
with each other, forming sulphuric acid, as 
shown in the following equation : — 

SO2 + NO2 + H2O = H2SO4 + NO. 

Pure sulphuric acid is a colourless, odourless, 
oily liquid and very heavy at 0° C. ; it has a 
specific gravity of 1'854. The commercial acid 
is generally coloured greyish, due to the pre- 
sence of traces of organic matter. It has a very 
powerful attraction for water, and when left 
exposed, absorbs moisture from the atmosphere 
with readiness. For this reason it forms one 
of the most powerful desiccating agents, and it 
is commonly used for drying those gases upon 
which it has no chemical action. It withdraws 
the elements of water when poured on to sugar, 
starch, textile fabrics, &c., with the result that 
the material is corroded and blackens or chars. 
When water is added to the strong acid it gets 
very hot, and when heated strongly it decom- 
poses, giving off' fumes of sulphur dioxide. It 
reacts on metals, forming sulphates and evolv- 
ing hydrogen under some circumstances, and 
sulphur dioxide in others. It is used in the 
manufacture of superphosphate of lime, parch- 
ment paper, acids, in chemical analysis, and for 
a vast number of other purposes. [r. a. b.] 

Sunday is in England a dies non, i.e. one on 
which no legal business can be transacted. Thus 
meetings of public bodies cannot be held on this 
day, nor may processes be served or persons 
arrested except for crime. A contract entered 
into on Sunday is void. Notice to quit pre- 
mises leased may be served on a Sundaj'. In 
Scotland, however, while no judicial act can 
legally be performed or diligence executed on 
a Sunday, private contracts are not invalidated 
although they have been entered into on that 
day. A number of old Acts both in England 
and Scotland make provision against work of 
any sort, except those of necessity or mercy, 
being done on a Sunday, but these Acts are 
largely in desuetude. The opening of licensing 
premises is specially provided for by the licens- 
ing statutes. It is illegal to kill game on Sun- 
day in England, but in Scotland there is no 
provision against the killing of game on any 
particular' day. If the last day of grace for 
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payment of a bill falls on a Sunday, the bill is 
due on the preceding business day ; -where the 
last day of grace is a bank holiday, or is a 
Sunday, and the second day of grace is a bank 
holiday, the bill is due and payable on the suc- 
ceeding business day. [d. b.] 

Sundews (Drosera) is the common name for 
a genus of insectivorous plants of which three 
species are British. They inhabit moorland and 
bog. Their favourite haunt is the bog moss 
(Sphagnum), into -which they strike their scanty 
and shallow roots. Flowering occurs in July 
and August. The interesting thing about these 
Sundews is that while like other green plants 
they contain chlorophyll and manufacture food 
from simple inorganic substances, they also sup- 
plement this by catching insects and feeding 
on their bodies. The upper surface of each leaf- 
blade is covered with about 200 hairlike out- 
growths called tentacles or digestive glands. 
These tentacles are coloured red, and from their 
apices round blobs of digestive juice are exuded 
which, when the sun shines, look like drops of 





Sunflower 
Seeds. 


Sunflower 
Cake. 


Moisture 

on 

'Albuminous compounds 
Soluble carbohydrates, &c. ... 

Woody fibre 

Mineral matter (ash) 


10-97 
24-50 
15-37 
16-99 
28-63 
3-54 


7-10 

7-43 

19-01 

28-93 

30-03 

7-50 


'Containing nitrogen ... 


100-00 
2-46 


100-00 
3-04 






J. A. v.] 




Tentacles on Leaf of Sundew (magnified) 

1, Leaf with half its tentacles over a captured insect. 2. Leaf with all its 
tentacles curved inwards. 3, Leaf with all its tentacles extended. 



dew. Should an insect alight on such a leaf, it 
is entangled in the sticky juice, the tentacles 
begin to curve and move in the direction of the 
insect so as to envelop it completely, and the 
whole leaf is ultimately closed up. The diges- 
tive process begins, the digested food is ab- 
sorbed, and then converted into the living sub- 
stance of the Sundew plant. After a time the 
leaf opens up, and is ready to entrap another 
insect. On a single Sundew leaf, the skeletons 
of a dozen insects may often be counted. Com- 
pare art. BuTTERWORT as regards similar habit 
of that plant. [a. n. m'a.] 

Sun-flower Ca.ke. — This cake is manu- 
factured by pressing the seeds of Helianthus 
annuus, a plant belonging to the nat. ord. Com- 
positfe, a native of tropical America, but gene- 
rally grown throughout Europe and Asia. The 
seeds are largely used by themselves as a food for 
poultry. On the Continent the cake is employed 
to a considerable extent as a food for cattle, 
but does not come much to England. It is also 
made use of as a manure. The composition of 
the seeds and the cake is represented by the 
following analysis: — 



Sunstroke. — It is popularly supposed that 
the direct rays of the sun on the back of the 
head induces the condition which passes by the 
name given it here ; but heat stroke is a better 
term for it, as the greater number of cases occur 
in the sunless holds of horse ships and the close 
stables of contractors. Out of doors the heat is 
more or less tempered by the wind, and seldom 
indeed are animals struck in the field, although 
heat apoplexy or sunstroke is common enough 
in the streets of great cities with high houses 
like New York, but here the con- 
ditions approximate to those we 
have already described as most 
provocative of the malady. The 
symptoms are those of apoplexy: 
an intense drowsiness, in which the 
animal presently becomes quite un- 
conscious and sinks to the ground, 
more often falls as if struck sud- 
denly. Writers have spoken of it 
as of ordinary apoplexy, in which 
blood escapes from ruptured vessels, 
or described them as so engorged 
as to produce this comatose condi- 
tion. If it were so, the usual pro- 
longed paralysis so well known in 
the human subject would be the 
general sequel. If the writer asserts 
that the contrary is the case, it is 
because he has seen something like 
a hundi'ed horses down and inca- 
pable from heat stroke on the lower decks of 
transports during the Boer war, and hardly 
ever failed to recover them so long as cold sea 
water could be poured over them -nath the hose. 
Serous apoplexy, with exudation of the watery 
portion of the blood, it probably is, in those 
cases which recover in a few hours. The treat- 
ment has been disputed by those who have had 
no experience of heat apoplexy; but the admini- 
stration of half-ounce doses of carbonate of am- 
monia, with a dram or two of ginger, the cold 
douche, and fresh air, has proved so successful 
with the veterinary officers that it may be recom- 
mended with considerable confidence, [h. l.] 

Superphosphate. — The name superphos- 
phate, or superphosphate of lime, is applied to 
manures obtained by treating substances con- 
taining tricalcium phosphate {Ca3P20j) with sul- 
phuric acid. The term is now almost entirely 
confined to the product obtained from natural 
minerals — phosphorites, apatites, &c., though a 
little superphosphate is still made from hone 
ash and bone black. The manure made by dis- 
solving bone meal with sulphuric acid is called 
dissolved or vitriolated bone. Similarly, man- 
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ure made by dissolving guano with acid is gene- 
rally known as dissolved guano. At one time 
such substances were also known as superphos- 
phates. The manufacture of dissolved man- 
ures began soon after 1840. The great chemist 
Liebig suggested in that year that bones might 
be made more active as manure by breaking 
them up with sulphuric acid. Lawes, then a 
very young man, had arrived at the same con- 
clusion independently, and was already privately 
manufacturing small quantities of dissolved man- 
ures, both from bones and mineral phosphates, 
for experimental purposes. In 1842 he took out 
a patent for the manufacture of superphosphate, 
and began the manufacture on a commercial 
scale at Deptford. At first he used bone ash, 
but in 1845 he began to use coprolites on a large 
scale. (See Coprolites.) This was the begin- 
ning of what is now the greatest of all the 
manure industries. The manufacture of super- 
phosphate is now carried on in all parts of the 
world, and more sulphuric acid is used in it 
than in any other industry. There is a greater 
weight of superphosphate used than of any 
other artificial manure ; the whole annual out- 
put amounts to many millions of tons, of which 
about 800,000 are made in the United Kingdom. 
The object of manufacturing superphosphate 
is to obtain the phosphate in a form in which 
it is soluble in water. The mineral phosphates 
used contain the insoluble tribasic phosphate 
of lime (Ca3(P04)2). If this is treated with 
excess of sulphuric acid it yields phosphoric 
acid and calcium sulphate : — 

Ca3(P04)2 + 3H2SO4 = 2H3PO4 -I- aCaSOi. 

In this way all the phosphoric acid can be ren- 
dered soluble, but the product is in a liquid and 
very acid condition not fit for use as a manure. 

There are two phosphates of lime inter- 
mediate between the tribasic phosphate and 
phosphoric acid. These are the dibasic phos- 
phate or dicalcium phosphate, CaHPO^, and 
the monobasic phosphate or monocalcium phos- 
phate, CaH4(P04)2. Of these the dibasic phos- 
phate is insoluble in water and the monobasic 
phosphate soluble in water. The object of the 
manufacturer is as far as possible to prepare 
the monobasic phosphate. By using a suitable 
proportion of sulphuric acid he can turn a large 
proportion of the phosphate into the soluble 
monobasic form, according to the equation: — 
Ca3(P04)2 -I- 2H2SO4 - CaH4(P04)2 + 2CaS04. 

Even if pure tricalcium phosphate is used, this 
theoretical reaction is never completely attained, 
but on the one hand a small proportion of phos- 
phate remains insoluble, and on the other hand 
a certain proportion of free phosphoric acid 
is formed. The phosphates of commerce from 
which superphosphate is prepared are by no 
means pure, and the presence of the impurities 
increases the complication of the reaction. The 
manufacturer has to steer between two dangers. 
If too much acid is used the superphosphate is 
obtained in moist sticky condition, while if too 
little is used the material is not well dissolved 
and contains too much phosphate not soluble in 
water. When a good class of mineral phosphate 



is used, the skilful manufacturer can obtain a 
product containing not more than 2 per cent 
of phosphate not soluble in water, and yet in 
good dry condition. 

In manufacturing superphosphate the acid is 
not used pure, but is diluted with a consider- 
able proportion of water. This diluted acid in 
calculated quantity is mixed with the finely- 
ground phosphate. The mixture is at first in 
a very wet condition, like a thin mortar or 
cement. On standing, it gradually dries up. 
This is because the water also enters into the 
reaction and combines with the calcium sul- 
phate and soluble phosphate formed, in accord- 
ance with the equation : — 

Ca3(P04)2 + 2H2SO4 + 5H2O = CaH4(P04)2 -HjO 
+ 2CaS04 ■ 2H2O. 

The sulphate of lime combines with water to 
form gypsum, and each molecule of soluble phos- 
phate also combines with a molecule of water. 
To carry out this theoretical reaction each 100 
parts of tricalcium phosphate would require to 
be mixed with 92'2 parts of the mixture of sul- 
phuric acid and water, and would yield 192'2 
parts of superphosphate. 

The mineral phosphates used in practice are 
by no means pure tricalcium phosphate. The 
coprolites used in the early days of the manu- 
facture were very impure (see Coprolites), and 
even the better-grade rocks used at the present 
day always contain vai-ious impurities, such as 
carbonate of lime, fluoride and chloride of lime, 
siliceous matter, and small quantities of com- 
pounds of iron and alumina. (See Mineral 
Phosphates.) The chief mineral phosphates 
at present in use in this country are those of 
Florida and those of North Africa, such as 
Algerian and Tunis phosphates. These always 
contain carbonate of lime, sometimes, as in North 
African phosphates, in considerable proportion. 
They also always contain fluoride of lime. The 
sulphuric acid acts on the carbonate and fluoiide 
of lime and breaks them up, forming sulphate 
of lime, and liberating carbon dioxide gas and 
hydrofluoric acid gas. During the preparation 
of superphosphate there is always a strong 
effervescence, with a copious liberation of gases. 
Hydrofluoric acid gas is a poisonous and ex- 
tremely corrosive gas, and therefore special 
means have to be adopted during the manufac- 
ture for drawing off the gases and absorbing 
the hydrofluoric acid gas. 

The presence of compounds of iron and alu- 
mina in the mineral phosphate used is objec- 
tionable. They combine with acid, and render 
it difficult to get the material well dissolved 
without using such an excess of acid that the 
condition of the superphosphate is not good. 
They also cause the phosphate to ' revert ', or 
to lose solubility to a certain extent when it is 
stored. The phosphatic rocks now used in this 
country contain very little iron and alumina, 
whereas those formerly used contained consider- 
able percentages. The principal constituent of 
superphosphate is not phosphate but gypsum, 
of which a large proportion is necessarily pro- 
duced by the reactions which take place in the 
manufacture. The greater the proportion of car- 
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bouate and fluoride of lime in the original phos- 
phatic rock, the greater is the amount of acid 
required, and the greater will be the proportion 
of gypsum in the finished superphosphate. The 
addition of so much acid and water, which is 
found in the finished article mainly in the form 
of gypsum, necessarily reduces the percentage 
of phosphate. Thus, if the mineral phosphate 
used contained 80 per cent of phosphate, the 
resulting superphosphate will not contain much 
more than 40 per cent, and may contain less. 
Roughly speaking, the superphosphate contains 
about half the percentage of phosphate which 
was contained in the mineral phosphate used, 
and each ton of mineral phosphate yields about 
two tons of superphosphate. 

It is the custom in this country, and that 
custom has been recognized by law in the Ferti- 
lizers and Feedingstuffs Act, to make all state- 
ments of percentages of phosphate in manures 
in terms of the tribasic phosphate of lime, 
CajPjOg, whether the phosphate is actually pre- 
sent in this form or not. Thus, when it is stated 
that a sample of superphosphate contains 40 per 
cent of soluble phosphate, the statement does 
not mean that there is actually 40 per cent of 
the soluble, monobasic phosphate of lime pre- 
sent. There is only about 30 per cent present. 
It means that if the soluble phosphate is cal- 
culated as if it were tricalcium phosphate the 
result will be 40 per cent. This is sometimes 
explained by stating that it is 'the tricalcium 
phosphate which has been made soluble' which 
is calculated. That also, however, is an inaccu- 
rate statement. This method of stating soluble 
phosphate is really an unfortunate trade custom 
which has now become thoroughly established, 
and is recognized as the legal method of state- 
ment. See art. Phosphatic Manures. 

The amount of soluble phosphate present 
in the ordinary superphosphates of commerce 
varies from about 25 to about 40 per cent. It 
is seldom that a superphosphate is met with 
containing less than 25 per cent of soluble 
phosphate or more than 40 per cent, but all 
grades between these two figures are met with. 
In the early days of the manufacture of mineral 
superphosphates, those containing 25 or 26 per 
cent of soluble phosphate became established 
as the standard quality. With the impure 
mineral phosphates then in use, this was a con- 
venient grade to manufacture. Nowadays, with 
high-grade Florida and North African phos- 
phates there is little reason for the manufacture 
of this grade of superphosphate, but as it still 
continues in large demand among farmers it 
is still very largely made. Indeed, a certain 
amount of low-grade phosphate is used for mix- 
ing with and diluting better-class rock merely 
to meet this demand. The high-grade super- 
phosphates containing 30 to 40 per cent of 
soluble phosphate are, in proportion to the 
phosphate they contain, cheaper to manufacture 
than the 26-per-cent quality. It is therefore 
usual to find that the low-grade 26-per-cent 
superphosphates cost a little more per unit of 
phosphate than a superphosphate containing 30 
to 40 per cent of soluble phosphate. 

In valuing supei'phosphate, only the soluble 



phosphate is taken into account. No value is 
placed upon the small amount of insoluble phos- 
phate present. It is to the advantage of the 
manufacturer, therefore, to have as large a pro- 
portion as possible of the phosphate soluble. 
The soluble phosphate of superphosphate costs 
a great deal more per unit than insoluble phos- 
phate in mineral phosphate, bones, or other 
manures. This is necessarily so, as the acid 
required to manufacture the soluble phosphate 
makes up a large part of the cost. A unit of 
insoluble phosphate in the form of finely ground 
mineral phosphate can be bought for about 9rf., 
but a unit of soluble phosphate in the form of 
superphosphate costs about Is. lOd. 

The special value of superphosphate as a man- 
ure is due to the fact that the phosphate is 
soluble in water, and therefore when used as 
manure is washed into the soil in solution by 
the rain. In this way it gets thoroughly dis- 
tributed through the surface soil. This leads 
to better distribution than can be brought about 
by mixing an insoluble powdered material with 
the soil. 

The soluble phosphate when washed into the 
soil is quickly reverted into the insoluble state 
by the carbonate of lime and the compounds of 
iron and alumina present in the soil. This is 
important, as it ensures that the phosphate will 
not be washed out of the soil and lost in the 
drainage. The advantage of using soluble phos- 
phate is one of distribution only. The phos- 
phate itself is quickly turned into an insoluble 
form, and remains in the soil as an insoluble 
phosphate of lime or as a phosphate of iron or 
of alumina. [j. H.] 

Support. — The right to support for land 
from the adjacent or subjacent strata is, in its 
broadest form, a natural right as contrasted 
with such conventional rights as easements (or 
servitudes, as they are known in Scotland), but 
the right to support may be acquired as an 
easement. The necessity for some such safe- 
guard against the indiscriminate use of his pro- 
perty by a neighbouring proprietor is clear. 
But for this, an adjoining owner might so exca- 
vate the adjacent or subjacent soil as to cause 
his neighbour's land to subside and so sutFer 
great depreciation. Such subsidence may be 
caused either by excavating the ground adjoin- 
ing up to or near the boundary, thus withdraw- 
ing the adjacent support, or, where the owner- 
ship of the surface and the underlying minerals 
has been divided, by working the minerals so 
as to withdraw the subjacent support. In either 
case the principles of the law applicable are the 
same, and the same principles apply to the 
rights of higher and lower mine-owners. 

The right may arise either (1) where the sur- 
face is unencumbered with buildings or other 
artificial structures, or (2) where the surface 
is so encumbered. 

(1) Where the surface is xinencumbered xoixh 
hvMdings or other artificial strxictures. 

The right to support in this case being a 
natural right, depends for its existence on no 
agreement actual or implied — ' it stands on 
natural justice, and is essential to the protection 
and enjoyment of property in the soil'. 
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The right is absolute, and consequently, in 
certain cases, may altogether prevent the work- 
ing of the minerals where they belong to a dif- 
ferent owner from that of the surface. In such 
a case, if the work cannot be carried on with- 
out causing subsidence to the neighbouring land, 
the minerals must just be left untouched. The 
only remedy is to arrange with the adjoining 
proprietor. 

But, on the other hand, it must be noted that 
a proprietor is only entitled to support for the 
land in its natural state, and cannot increase 
the natural burden resting on his neighbour. 
If therefore a proprietor excavates his own 
ground near to his boundary, he is not entitled 
to complain of the excavation of his neighbour, 
unless he can show clearly that his own work- 
ing did not contribute to the subsequent sub- 
sidence. 

The right is merely to such support as will 
permit of the enjoyment of the surface of the 
land. Consequently there is no absolute right 
to demand that the adjacent or subjacent soil 
be kept in its natural state. A proprietor has 
no right to dictate the particular means whereby 
the ground is to be supported, and so long as 
no damage ensues he has no right to complain 
of his neighbour's use of his own property. 

The natural right of support may be lost 
through the terms of the deed whereby the 
severance of the surface tenement from the 
underlying tenement is effected, by subsequent 
agreement or by the operation of an Act of 
Parliament. Prima facie the right to support 
is always supposed to subsist, and if the con- 
trary is affirmed the onus of proof lies on the 
party so asserting. 

(2). Where the surface is encumbered by artificial 
structures. 

The principles of law which apply to this 
right are totally different from those which 
apply to the right when land is in its natural 
condition. It is one of the principles of law 
that the natural burden inherent on the pro- 
prietor cannot be increased, and consequently 
the right to support for land which has been 
burdened is no longer a natural right, but a 
conventional obligation. That is to say, the 
rights of parties must stand upon contract, ex- 
press or implied. If, however, the right to the 
support be once validly acquired, the rules 
which regulate it are similar to those which 
have already been referred to as governing the 
natural right of support. 

It is to be noted, however, that although a 
proprietor has put Ijuildings or other artificial 
structures on the ground, or has excavated his 
ground, he does not by this action lose his 
natural right to support for the ground. The 
natural right is merely suspended for the time 
being, and remains in force notwithstanding 
building on the ground or excavating below 
it. While, therefore, it is the case that the 
adjoining proprietor is not liable to support 
ground encumbered by buildings or other arti- 
ficial structures, and is not liable for damages 
caused by subsidence, if, but for the building 
or excavation, it would not have occurred, yet, 
on the other hand, the natural right still 



remains if it can be shown that the subsi- 
dence would have occurred whether or not 
buildings or other artificial structures had been 
put upon the ground, or whether or not the 
ground had been excavated. Then the adjoin- 
ing proprietor through whose acts the subsi- 
dence has been caused is still liable in dam- 
ages for having withdrawn the suppoit to which 
the adjoining proprietor was entitled as a natu- 
ral right. 

The right of support for land encumbered by 
artificial structures may be acquired either by 
grant, express or implied, or by prescription. 

The right of support for land encumbered 
with artificial structures, if acquired, will extend 
only to the express terms of the grant, or to 
the uses which may be held to have been fairly 
in the contemplation of the parties at the time 
when the servitude was created. Therefore the 
burden must not be materially increased with- 
out the consent, express or implied, of the owner 
of the servient tenement. Moreover, even where 
the right of support does exist, it does not neces- 
sarily follow that an action will lie although 
the buildings are damaged. If it can be shown 
that the state of the building or its faulty con- 
struction have materially contributed to the 
damage complained of, the owner cannot recover. 

The acquired right of support to land not in its 
natural state, i.e. either excavated or encumbered 
with buildings, may be lost. This, however, can 
only be by express renunciation or Act of Par- 
liament, for as in the case of the natural right, 
so in the case of the acquired right, prescription 
will not infer abandonment of the right to sup- 
port, but at most abandonment of the right to 
claim reparation for past damage. The acquisi- 
tion of the right by prescription may, however, 
be defeated by interruption of the running of 
the prescription by some act on the part of the 
servient owner — e.g. the removal of support. 

In the case of lands taken compulsorily, e.g. 
under the Railway Clauses Act or the Water 
Works Clauses Act, the minerals are by Statute 
expressly reserved to the proprietor of the 
ground, and there is no implied right of sup- 
port although the ground has been expressly 
taken for the purpose of making a railway, &c. 
In lieu of this right the promoters of the com- 
pany have power either to purchase the minerals 
or to prevent their being worked by paying 
compensation. Failing their either purchasing 
or making compensation, the owner may work 
the minerals even though he may thereby bring 
down the railway. Nor will he be liable in 
damages unless his mode of working has been 
improper. [d. b.] 

Surface Grubs are the caterpillars of seve- 
ral species of night-flying moths, as Agrotis sege- 
tum and j4. exclamationis and Triphcena pronuba, 
which lie concealed in the soil, where they eat 
through the roots of plants, killing at once the 
young ones, coming forth only at night to feed 
upon the foliage. As descriptions of the moths 
and caterpillars will be found under the respec- 
tive species, it only remains to detail their eco- 
nomy. The surface grubs, when full grown, 
are, most of them, as large as a goose-quill ; an 
inch or two long, tough, smooth, and somewhat 
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shining. Those produced from the eggs of the 
Heart -and -Dart Moth {Agrotis exclamationis) 
and of the Common Dart Moth {A. segetum) — 
both figured in art. Agrotis — sometimes commit 
sad devastation in turnip and young mangold 
fields, and even potatoes, when just appearing 
above-ground, do not escape them; they are also 
veiy destructive in the cornfield and in the gar- 
den. They are in existence most of the year, and 
in some seasons are abundant and full-grown 
from the beginning of June till the approach of 
winter. In summer they will often eat oif the 
crowns of the turnips, and in autumn groups 
of them are found eating holes in the bulbs just 
at the surface. In the garden they clear oS the 
cabbage tribes and lettuces with astonishing 
rapidity, by eating through the taproot a little 
below the surface, and at night they come forth 
and draw the detached leaves into their burrows. 
As soon as a plant droops, if the earth be care- 
fully removed, the surface grub will be found 
just beneath the surface, and. close to the root; 
but if left for a night, the culprit comes forth, 
travels with great speed to a neighbouring plant 
to accomplish the same mischief, and thus, in 
a short period, one 
caterpillar will kill 
sev'eral young 

plants, and a ^.i^^^i^ l 
dozen of them will 
destroy an entire 
Ijed. 




1, Caterpillar of Agrotis segetum. 2, Caterpillar of Agrotis 
exclaiimttonis. 3, Caterpillar of Triphceiia pronuba 



The larvte of the Great Yellow Underwing 
Moth {Triphcena pronuba) often accompany the 
foregoing, and are similar in their economy, but 
they are larger and less numerous ; they live 
through the winter, and can withstand very 
severe weather. 

Prevention and treatment depend on the crop 
attacked. Turnips and swedes that are attacked 
should be fed off early by sheep. Frequent 
stirring with hoes of land in drills (turnips, 
swedes, mangolds, &c.) does much good, as many 
larvfe are killed. Applications of soot are most 
beneficial, so also is kainit. Potatoes should be 
well earthed up early in the season if attack is 
feared. The use of poisoned baits is well worth 
while. These may be made by dipping clover 
or lucerne in a strong arsenical wash and laying 
patches about near the infested crops. The 
larvje feed on this readily and are poisoned, 
care being taken, of course, that live stock do 
not get at the ' baits ', which must be protected. 



Hand-picking is the most successful mode of 
diminishing these pests, and the numbers that 
have been collected by women and children in 
some seasons is astonishing. But this, owing to 
the cost, can onlj' be done in gardens and market 
gardens. Hooks, starlings, plovers, gulls, &c., 
do good service; and it is most essential to keep 
the land clean at all times, as many of these 
surface grubs will feed also on Groundsel, Shep- 
herd's-purse, the roots of grasses, and other 
weeds. [j. c] 

[f. v. t.] 

Surveying. — The general problems which 
present themselves in agricultural and estate 
surveying are : (1) The production of a plan of 
some given piece of land on which must be 
correctly delineated its boundaries and its 
various subdivisions ; (2) the determination of 
the area of the piece of land dealt with, and the 
areas of its subdi\usions under various crops, 
pasture, &c. ; (3) the laying out of the land to 
meet given conditions and in sections of given 
area. 

Simple Chaix Surveys. — In a large number 
of the cases in ordinary agricultural practice 
the work may be carried out with the aid of 
a few simple insti'uments, viz. a surveyor's chain 
and arrows, a measuring tape, ranging rods or 
poles, a cross staff, or an optical square. Before 
giving an example of an actual survey it will 
be advisable to discuss these simple instruments 
and their particular uses. 

The Chain. — The chain used in land suivey- 
ing in this country is the Gunter chain (fig. 1), 
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66 ft. in length, divided into 100 equal parts 
called links. Its great advantages are its rela- 
tions to the standard units of length and area. 

Length of chain = 66 ft. 

Now 1 mile = 8 fur. = 1760 yd. = 5280 ft. 

.■. number of chains to 1 mile = 80, 

and number of chains to 1 fur. = 10. 

Again, 1 ac. = 4840 sq. yd., 

.'. 1 ac. = 10 sq. chains. 

These relations simplify very much the nu- 
merical work involved in the reduction of the 
held measurements. 

The chain is made of either steel or iron wire, 
and is provided with brass handles with swivel 
attachments. The details of the chain are shown 
in fig. 2. It will be noted that each tenth link 
is denoted by a brass marker or 'teller' indi- 
cating its position from either end of the chain. 
Fig. 3 is a general outline of the chain showing 
the brass markers in position. It will be ob- 
served that a marker with four points indicates 
either 40 or 60 links, one with three points indi- 
cates either 30 or 70 links, the mid or 50-link 
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point being indicated by a circular marker. The 
markers are arranged in this manner in order 
that the chain may be read from either end, 
and every care must tlierefore be taken in read- 
ing the chain in the field not to confuse the 40- 
with the 60-link marker or the 30 with the 70. 
If the position of the 50-link mai'ker is first 
observed, the risk of mistakes will practically 




Fig. 2.— Detail of Chain 

be eliminated. In all work where accuracy is 
required the chain should be tested at least 
once every day, as with constant use the chain 
becomes inaccurate ; some of the long links 
may become bent, or the small rings may be 
elongated by constant pulling. A steel tape 
(made of a nickel-steel alloy, invar) should be 
kept exclusively for the purpose of testing the 
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chain. The errors which may arise from the 
use of chains of incorrect length are often en- 
tirely neglected in ordinary practice. But in 
the case of comparatively large areas the errors 
are too serious to be neglected, as will be shown. 
Correction for Error in Chain Length. — Sup- 

Eose the chain to be too long and the error to 
e 1 link, then actual length of chain = 101 
links. Suppose a line is measured with this 
chain in the field and 
found to be 12-0 
chains. Then the true 
length of this line 
would be 12-0 x I'Ol 
= 12'12 chains. In a 
similar manner, sup- 
pose the chain to be 
1 link too short, then 
the actual length of 
chain = 99 links = '99 
chain ; and if the 
measured length in 
the field is found to 
be 15 chains, say, then 
the true length of the 
chains. 

The lines of the survey may be all corrected 
in this manner before plotting, and the correct 
area then found. Or the survey may be plotted 
from the readings in the field, the average error 
of the chain determined, and the area finally 
corrected. 

Thus, suppose ABCD to represent the survey, 
and let the chain be too long. Let x = error. 




15 X -99 = 14-85 



Therefore actual length of chain = (1 + x) 
chains. 

Area from field measurements : A = «i n sq. 
chains. 

True area Ai = mn (1 + xf, which, since x 
is a small quantity, may be written Aj = mn 
(1 + 2,r). 

Therefore A; = A (1 -l- %v). Similarly, if the 
chain is too short, true area 
Ai = A (1 - 2x). 

In a certain sui-vey the erioi' 
in a chain which was too long 
was 1'5 link, and the area found 
from the plan plotted from the 
field book 860 ac. 

Here the error is 1'5 link 

= 0'015 chain. Therefore true 

area A, = 860 (1 4- 2 x 0-015) 

= 885-8 ac. 

The error in area is therefore 25-8 ac, a 

sufficiently serious matter if it is a question 

of the purchase, sale, or valuation of land. 

{Jse of the Chain. — In using the chain two men 
are required, termed respectively the ' leader ' 
and the ' follower ', the duties of the two men 
being briefly as follows : — 

The follower takes one end of the chain and 
holds it against the pole at 
nn inn 'ho startlug - polut ; the 
r\ leader, taking the other end 
of the chain and 10 arrows, 
walks on towards the pole 
marking the end of the line 
to be measured ; he is placed 
in correct alignment by the 
follower. The leader holds the end of the chain 
and an arrow in his right hand as shown in 
fig. 5, and when finally aligned drives the arrow 
into the ground, and again proceeds to the dis- 
tant station point. The follower picks up the 
arrows as he comes to 
them, and therefore 
by counting the ar- 
rows which he has in 
his hand he can tell 
the length of line 
chained to the pai-- 
ticular point. If the 
line is not an exact 
number of chains, the 
additional links are 
read off on the chain. 
If the ten arrows have 
been used the leader 
drags the chain on, 
laying down an 
eleventh chain, and 
marking the end of 
the chain ; the fol- 
lower then picks up the tenth arrow, walks up 
to the leader, and gives him again the ten 
arrows. The leader then drives an arrow into 
the ground at his end of the chain, and they 
proceed as before. 

Offsets are generally measurements taken at 
right angles to the main survey line to points 
of the boundaries, buildings, &c. They are 
most conveniently measured by means of an 
ordinary linen measuring tape. 




Fig. 5.— Cliain Leader 
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Offsets to Buildings, Corner of Fields, Inter- 
section of Hedges. — The position of a building 
should be fixed by means of inclined offsets to 
at least two corners ; the corner of the build- 
ing being thus absolutely fixed by the vertex 
of a triangle ; the plan of the 
building being afterwards 
obtained by taping around 
its base. Similarly the cor- 
ners of fields, intersection of 
hedges, &c., may be accu- 
rately fixed by means of in- 
tersecting inclined offsets. 

The Field Book. — The form 
of field book which will be 
found most convenient is 
one having a central column 
about I in. wide. This column 
represents the chain, and in 
it are entered the chain read- 
ings. The entries are commenced from the 
bottom of the page, and also from the end of 
the book. The surveyor begins his work facing 
the distant station, and sketches in his field 
book the boundaries as they may occur on either 
side of the chain line. No attempt should be 
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column represents the chain it is supposed to 
have no width ; therefore if a line such as a 
fence crosses the road obliquely it cuts the cen- 
tral column lines at points exactly opposite each 
other. Station points may be denoted by a 
circle O- 

A specimen page field book is shown which 
will elucidate some of the points discussed. 

The Cross Staff and Optical Square. — These 
may be used for setting out right angles in the 
field when great accuracy is not required. A 
simple cross staff giving quite good results may 
be made from a piece of hard wood Ij in. thick, 
cut very accurately to a square of 12 in. side; 
saw-cuts about ^ in. wide are made along the 
diagonals, giving us two lines of sight at an 
angle of 90 degrees. A block 1 in. thick and 
3 in. wide is screwed to the back; in this is 



made to draw these to scale in the field book ; 
and further, the surveyor should never cramp 
his lines or sketches, as this often leads to hope- 
less confusion and error when the work of plot- 
ting has to be carried out. Since the central 




bored a hole to receive one end of an iron-shod 
pole about 3 ft. high. The pole is driven into 
the ground at the point through which the 
lines at right angles shall pass, these lines being 
now easily ranged by means of the saw-cut 
sights. 

The optical square (fig. 8) consists of a brass 
box containing two mirrors, the planes of the 
mirrors being inclined to each other at an angle 
of 45 degrees. The upper half of mirror A is 
silvered, the lower half of A is plain glass ; the 
mirror b is completely silvered. In using the 
instrument we observe the pole c by direct 
vision, and then move an assistant about with 
pole D until the reflected image of D coincides 
with the direct vision of pole c, the lines ce and 
DF are now at right angles. 

Selection of Station 'Povsis.—Triangida- 
tion. — In all surveys, of whatever dimensions, 
a careful selection of the main station points 
well repays the additional preliminai-y labour 
involved. As a general rule the main survey 
lines should run as close as possible to the 
boundaries of the property under survey, thus 
keeping the length of the offsets within the 
smallest possible limits. Again, the station 
points should be so chosen that the survey lines 
form a series of well-conditioned triangles. In 
the case of chain surveying the triangulation is 
absolutely necessary throughout, in order that 



Surveying 



159 



we may be able to plot the survey. Thus, sup- 
pose ABODE (fig. 9) to be the boundary survey 
lines of a piece of land. The knowledge of the 
lengths of the sides ab, bo, &c., will not be 
sufficient to enable us to plot the figure. But 
if we join AC, CE, then the figure will be split 
up into three triangles, and the lengths of the 
three sides being known, the triangles can be 

D 




accurately plotted. The main survey lines hav- 
ing been decided on, and the station points 
marked by poles, the chaining may be pro- 
ceeded with, offsets being taken where neces- 
sary and booked in the manner already ex- 
plained. 

The ordinary survey plan is the projection on 
a horizontal plane of the land surveyed. Hence 




Fig. 10 



in dealing with hilly country we must adopt 
some method of determining the horizontal pro- 
jection. This may be done by stepping with 
the chain. In this method a portion only — say 
50 links — of the chain is used. Thus, suppose 
the slope ab (fig. 10) is being chained ; the chain 
is held horizontal with the 50-link marker at A, 
the leader plumbing an arrow from his handle. 
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Fig. 11 

and so on down the hill ; then it is obvious that 
the sum of the horizontal displacements will be 
equal to BC, the horizontal projection of ab. In 
the case, however, of the determination of the 
area of growing crops, &c., the actual surface 
area is required; and in such cases the chain 
must be allowed to lie along the surface of the 
ground. Thus in fig. 11, as in most agricultural 
surveys, we shall require the actual surface 
length ABCD, and not the projected length ef. 
Use of Angle - measuring Instruments. — 



The labour in the field may often be consider- 
ably reduced by the use of angle-measuring 
instruments, the chaining of the diagonal lines 
being as a general rule completely eliminated. 
In agricultural and estate surveying the pris- 
matic compass and the theodolite are the two 
most useful instruments ; the prismatic compass 
is used for the carrying out of small traverse 
surveys of land or roads, and possesses the ad- 
vantages of cheapness and portability. For all 
important work, however, such as the survey 




Fig. 12 



of large areas, &c., the theodolite is absolutely 
essential. 

Fig. 12 is a simple example of the use of the 
theodolite in a small survey, and shows clearly 
the great saving in the work of chaining, since 
it will not be necessary to chain any diagonal 
lines such as AC, ad, &c., with the exception of 
one check line eg. 

The main survey lines, ab, bc, &c., must be 
chained and offsets to the boundaries taken in 
the usual way. 

The internal angles abc, bcd, &c., may then 
be measured. 

From the data obtained the figure can then 
be plotted. A simple check may be applied to 
the angular measurements before leaving the 
field, since if — 

n = number of sides of the figure, 

n. 180° = the sum of the internal angles -l- 360°. 

Thus, in the example — 

/.A = 241° 40', ^B = 103°, /.C = 94° 20', 
Z. D = 62° 30', ^ E = 202° 30', ^ F = 96° 25', 
^G = 99° 35', giving a total of 900°. 

?i = 7. 

Then '7 x 180° = 900° + 360° = 1260°. 
With ordinary good work the error should not 
be more than 5 minutes. [w. a. t.] 
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Survey Maps. See Ordnaxce Survey 
Maps. 

Sussex Cattle. — Although the Sussex 
breed of cattle is kept in various parts of Sussex 
and Kent, and even in Surrey, it is more gene- 
rally found on South Devon farms, where from 
time immemorial the oxen have been employed 
for draught purposes. Oxen are now used much 
less generally than they were, and it is prob- 
able that in course of time they will be en- 
tirely superseded by horses. See art. Animal 
Labour. 

There is reason to believe that the Sussex 
breed has a common origin with the Devon. 
Not only is this belief emphasized by the simi- 
larity of colour, but by the resemblance of the 
Sussex to the larger of the Somerset Devons of 
fifty years ago. Since then great improvement 
has been made in both varieties. The Sussex 
have been gradually improved by selecting stock 
of a more suitable type for the production of 
beef instead of, as was formerly the case, for 
purposes of draught. A century ago, beef was 
of less importance to the Sussex farmer than 
work upon the land, and stock were at that 
time chiefly bred for size and strength. Arthur 
Young, however, writing at the end of the 
18th century, claimed that the Susse.x cattle 
were equal to those of any other breed. 

Fifty years later, the Earl of Sheffield spoke 
of two varieties of the Sussex breed — the smaller, 
which had been bred to type for centuries, and 
was then believed to have been derived from the 
same stock as the Devon ; and the larger sub- 
variety, which was slower in its gait, taking a 
longer time to accomplish its work before the 
plough, and which displayed but little difference 
from the Hereford if we except colour, which 
was then distinctly red. The cattle of the larger 
type were believed to have been derived from a 
mixture of the blood of the old Sussex variety, 
which, owing to the fact that it was fed upon 
richer pastures than the South Downs afford, 
reached a larger size; but it could not compare 
with the smaller type of Sussex, which was almost 
equal to the horse in speed, drawing heavy loads 
as much as fifteen miles a day for many days 
in succession. Lord Sheffield points to the fact 
that on one occasion a Sussex ox travelled over 
the four - mile racecourse at Lewes in sixteen 
minutes. Heifers were sometimes spayed and 
used for draught purposes ; and when, as was 
often the case, they were harnessed like a horse, 
they responded to the rein. In some instances 
the older class of beast, after the completion of 
its working period, reached considerable weights, 
frequentlj' exceeding a ton; and although 120 st. 
was about the average of the beasts exhibited 
at the earliest Smithfield Shows, a weight of 
200 St. was occasionally exceeded. One of the 
most famous breeders of the time, Mr. EUman, 
who occupied a well-known farm near Lewes, 
described the Sussex as cattle with fine hair and 
thin skin, horns which were neither long nor 
short, but rather turning up at the points. He 
says they were well made in the hind quarters, 
with broad hips, rump, and sirloin, but a narrow 
chine ; the ribs were rather flat, while the thigh 
was thin, and the bone not large. The cattle at 



this period were rather heavy in the fore quar- 
ters, and mostly worked from the age of three, 
up to seven years, when they were fed off for 
the butcher, reaching as much as 100 st. of 
14 lb. 

Sussex cattle as they are found to-day may 
almost be described as still embracing two types 
— those which are bred and fed by breeders of 
the highest rank, in large part for exhibition 
and for beef, and which are fed upon the richer 
pastures of the county and adjoining districts; 
and the larger type of Sussex, which are found 
in the vicinity of the South Downs, where they 
are more generally employed as working oxen. 
Between the Downs which commence at the 
Devil's Dyke near Brighton and which ter- 
minate near Eastbourne aie valleys where the 
true working oxen may be found; and here they 
are still used for draught purposes up to six or 
seven years of age, when they are fed off for the 
butchers in the neighbouring towns. 

Many describe the Sussex, as long exhibited 
at the great English shows, as a lai'ge-framed, 
rather tall, unbroken red, somewhat resembling 
the Devon in the shade of its colour; but it is 
much less compact in form and coarser in quality, 
although during recent years it has been materi- 
ally improved, being blockier, and more closely 
resembling the recognized type of a good beef- 
producing beast. The legs are shorter than 
they were, the body deeper, and the finer points 
of the breed distinctly better. As we shall show 
later on, the steers produce excellent weights at 
an early age, and, when killed at some two to 
three years, produce beef of fine quality, espe- 
cially on the round and loin, while the ribs are 
by no means to be despised. The cows are not 
good milkeis, no pains having been taken, so 
far as we are aware, by any of the most famous 
breeders to produce milking strains, or to make 
any serious attempt to improve the milking 
powers of the cows they possess. We have 
never heard of a real dairy herd of Sussex cows. 
The milk is inferior for the production of butter, 
and equally inappropriate to the production of 
cheese, while the quantity is usually not quite 
sufficient to feed the calves which the cows pro- 
duce, although it is the occasional custom to run 
the cows and the calves together. 

The points of the breed are as follows: The 
head is rather wide, both across the nostrils and 
the forehead; there is a dewlap of medium size; 
the breast is wide and prominent ; the chine, 
like the back, straight in good specimens; the 
loin fairly wide, although in this point the Sus- 
sex is behind the Shorthorn and the Here- 
ford; the barrel is well rounded, the ribs being 
sprung, giving prominence to that portion of 
the body, and plenty of play for the heart and 
other vital organs ; the legs are straight, of 
medium length, and the bone fine. We have 
frequently observed, in examining leading ani- 
mals at the Smithfield and Royal Shows, that 
in this particular point there is a definite im- 
provement, the body being nearer the ground 
as it were, giving the form to the carcass which 
is so desirable in a butcher's beast. The neck is 
well formed, clean, and of medium length; the 
coat covered with hair of fairly good length and 




SUSSEX BULL— '■ APSLEY LIBERTY' 

FlUST AT R.A.S.E. SHOW, I910 




l-'^.^l * ^u-_ 



SUSSEX COW— "GAIETY GiRL" 

FIRST AND CIIAMHION, K.A.S.E. SHOWS, 1903 AND I904 



.i_. _luii. Ki., 



Sussex Cattle — Sussex Fowl 



161 



fine, silky quality; the I'ump, which in the Here- 
ford, the Shorthorn, the Angus, and the Devon 
is much superior, is gradually improving in 
form, not sloping so much as in earlier days, 
but fairly flat, and broader near the setting of 
the tail than -was the case some years ago. We 
cannot call the Sussex an all-round breed, al- 
though it is much approved by those who breed 
and feed it — a fact which generally applies to 
the cattle of those particular districts in which 
pure breeds are kept. It may be described as an 
excellent butcher's beast and useful for draught 
purposes; but in these days the latter feature 
is a quantite negligeahle, and not a meiitorious 
point, while the inferiority of the cows as 
milkers places it in the second rank of British 
stock. 

Among the leading breeders of the Sussex are 
Earl Winterton, the Hon. Ralph Nevill, Mr. C. J. 
Lucas of Wainham Court, Mr. Ernest Braby 
of Eudgwick, Mr. Philip Saillard of Crawley, 
Mr. F. S. W. Cornwallis of Maidstone, Mr. 
William Winch of Cranbrook, Mr. John Aunger 
of Eudgwick, Mr. Gerald Ward of Maidstone, 
Mrs. Montefiore of Crawley, and Mr. Stephen 
Agate of Horsham. 

'The Sussex, as a rule,' writes a well-known 
breeder, ' are very poor milkers, giving scarcely, 
if ever, sufficient to rear their own calves, and 
aie worse butter-makers. Their weight, of course, 
clifi'ers according to the system of feeding. A 
Sussex heifer which I once exhibited, under the 
age of 4 years, showed a weight of 148 st. of 
8 lb. to the stone, and a steer aged 2 years 
11 months weighed 196 st. These were spe- 
cially fattened for exhibition ; but, as a rule, 
steers killed under 3 years, and fattened in 
the usual way, would scale from 90 to 112 st. 
Tliey require good loamy soil, and the better 
the grass the earlier they can be made to reach 
the butcher. It is a great thing to keep all 
young stock well from birth, housing warmly, 
and feeding them liberally with a little linseed 
cake and cracked corn for weaning time. The 
steers are used very little for draught pur- 
poses.' 

The following are the measurements and 
weights of a few Christmas beasts which took 
prizes at Islington: — 

Heifer, 3 years old: 7 ft. 8 in. by 4 ft. 9 in. 
= 55 score; live weight, 15 cwt. 1 qr. Heifer, 

I year 11 months old: 7 ft. 7 in. by 4 ft. 8 in. = 
52 score; live weight, 14 cwt. 3 qr. Steer, 1 year 

II months old: 7 ft. 4 in. by 4 ft. 4 in. = 46 score; 
live weight, 12 cwt. 3 qr. At the above show 
the first-prize steer, 21 months, weighed 11^ cwt. ; 
the second-prize, 22^ months, 13| cwt. The 
first-prize steer, 2 years 11| months, weighed 
19 cwt; the second-prize, 2 years 7i months, 
14 cwt. The first-prize steer, 3 years 8j months, 
scaled 20| cwt. ; thesecond-piize, 3years 2 months, 
14| cwt. The first-prize cow, 5 years 8 months, 
weighed 14 cwt; the second-prize, 6| years, 15| 
cwt. 

The heaviest weights for age at Smithfield in 
1906 were as follows: Steers under 2 years old, 
14 cwt. 1 qr. 25 lb., the age being 1 year 11 
months. Steers aged 1 year 11 months, 18 cwt. 
1 qr. 7 lb. A heifer aged 2 years 11 months 
VOL. XI. 



weighed 16 cwt 2 qr. 8 lb. In 1907 a steer 
aged 1 year 11 months weighed 13 cwt. 3 qr. 
14 lb.; one aged 2 years 11 months weighed 17 
cwt. 3 qr. 24 lb.; while a heifer aged 2 years 
9 months weighed 16 cwt qr. 4 lb. In 1908 
a steer aged 1 year 11 months weighed 15 cwt. 
qr. 12 lb.; another aged 2 years 10 months 
weighed 18 cwt. qr. 26 lb.; while a heifer 
aged 2 years 10 months weighed 16 cwt. 1 qr. 
14 lb. 

Although the Sussex is so largely grazed upon 
the Downs, breeders prefer their haii' to be long 
and silky; these generally have a mellower skin 
and feed better. In the majoiity of cases it is 
the custom to work the steers fiom 3 years old 
until they are 6 or 7, when they are generally 
put up to fatten, which they do rapidly. The 
heifers are seldom bred from until they are 
2j: years, producing their first calf at 3 years. 
In working, all the oxen are kept in good con- 
dition, for if too low it is most difficult to bring 
them back to a fleshy state afterwards. 

In some instances the calf is seldom allowed 
to take all the milk of the cow, which is taken 
from it all day. It is allowed to suck two of 
the teats after the milkmaid has drawn the 
other two, getting in addition to this a small 
quantity of bran or ground oats, which is left 
for it in a small trough. At a month old it is 
usually allowed to run with its dam throughout 
the day, but is taken from her for the night. 
A poition of the morning's milk is then taken, 
and the calf allowed the remainder. This is the 
general practice of some farmers until the calf 
is weaned. It is then fed upon cut grass, clovei', 
hay, and bran until it is turned out upon the 
pasture, when the meal feeding is increased until 
the following winter, when it takes its place 
among other yearlings in the yard, and is allowed 
to biowse upon the various products of the 
farm, getting a certain allowance of roots, meal, 
and cake each day. 

We may sum up in the words of the Secretary 
of the Sussex Herd Book Society, who remai'ked 
that for beef production, for draught purposes, 
hardiness, early maturity,beautifully fine-grained 
flesh, and ability to thrive on poor food, few 
breeds can equal the Sussex. [j. Lo.] 

Sussex Fowl. — Intended primarily for 
production of table chickens, the Sussex is long 
and deep in body, short in leg, which, together 
with the feet, are pure -white, in conformity 
with the colour of the flesh and skin. The 
comb is single, small in size and fine in tex- 
ture. These birds are wide at the shoulders, 
but should not tapei' much behind, as an even 
body is desirable. Three colouis have been 
fixed, namely, brown or red, light, and speckled ; 
but the tendency is to divide the first named 
and to diffeientiate the brown and the red 
varieties. In the fii'st the plumage is a chest- 
nut-brown, with black or dark-brown maik- 
ings. The lights follow the light Brahma, and 
are least satisfactory. The main colour is white, 
with black stripes in the hackles, black on the 
wings and the tail. The speckled are brown 
and black, with white tips to the feathers, which 
marking is fairly common in all countries. The 
birds vary somewhat in size, and are not so big 

168. 



162 



Swaledale Sheep — Swamps 



as Dorkings, generally 7 to 9 lb. when fully 
grown. The hens are satisfactory layers, but 
the breed is essentially a table fowl, and its 
quickness of growth as well as its suitability 




Ked Sussex Fowl 

for fattening makes it desirable to select spe- 
cially with that object in view. [e. b.J 

Swaledale Sheep belong to the Heath 
group, at the head of which is the Scotch Black- 
face Mountain breed. It is the survivor of a 
number of Yorkshire varieties that were classed 
as Dale sheep, and were peculiarly suited to the 
districts in which they had been reared for 
generations. They are similar to the Neasham 
sheep, named from the market town in which 
jnany sheep of the Heath type are sold at the 
annual September fairs. 

The breed is horned like the Scotch Black- 
face, their legs are mottled, and their faces are 
usually dark-grey with mealie noses. They 
appear to be longer and smaller, owing to a 
deficiency in wool under the body, especially of 
the fore quarters ; but they are strong-boned, 
big-bodied, and weigh well. The face is weak 
for a good Blackface, and the tail is long like 
that of the Louk. The quality of fleece is 
about that of the Lonk, but a little coarser. 
The breed is increasing in numbers in York- 
shire, and the rams are in demand to mate with 
ewes of inferior types of the Heath family. The 
superiority, even in their home localities, of the 
ewes over ewes of the Scotch Blackface for feed- 
ing and breeding purposes is doubtful. In the 
colour of the face the cross lambs bred b}' a 
Wensleydale ram and Swaledale ewes are not so 
dark and fashionable as the similar cross with 
a Blackface ewe. This peculiarity puts a pre- 
mium on the darker-faced progeny of the Black- 
face by the Wensleydale ram, especially in the 
case of ewe lambs to be employed in breeding 
second-cross lambs. An attempt to unite the 



I Scotch Blackface and Swaledale breeds, with 
a view to improve the latter, has not proved 
sufliciently successful to warrant its general 
adoption. The progeny were generally heavier 
sheep, but longer in their 
necks, tails, and legs than 
Blackfaces. Their ungainly 
appearance would militate 
against them in the auction 
ring, especially in a diag- 
ging market. The finer 
stapled and shorter wool 
realized Id. per lb. less be- 
cause of the prevalence of 
keraps and greys ; and the 
yield was also deficient, ewes 
averaging 4 lb. against 5 lb. 
given by Blackfaces running 
on the same mountain pas- 
ture. The general manage- 
ment is similar to that com- 
mon to Mountain breeds. 
Lambing begins about the 
middle of April, and ewe 
hoggets are wintered in the 
lowlands of Yorkshire at a 
cost of 6s. each. The ewes 
of the running flock re- 
ceive no artificial feeding 
in winter unless during a 
prolonged snowstorm. Per- 
sistent overfeeding of the 
rams exercises a baneful 
influence on the constitution of the progeny. 
Stock rams graze on the hills along with the 
ewes during summer. [r. w.] 

Swallow {Hirundo riistica).—Ov.'iug to its 
general appearance and habits, this migrant 
species is often confused with the House Martin 
(see Martins), but is of larger size, its tail is 
more deeply forked, the throat is chestnut - 
brown, not white, and the latter colour is also 
absent from the legs and rump. The upper 
side of the body is of a steely black, and the 
under side white. Arriving in early April and 
leaving in October, the Swallow is common in 
most parts of Britain e.xeept N. Scotland and 
W. Ireland. The ne.st is built under eaves or 
in similar places, and is distinguished from that 
of the House Martin by being open at the top. 
It is made of clay compacted with horsehair 
and grass, and lined with feathers. The four 
to six eggs are white speckled with brown (not 
pure-white as in the House Martin), and two 
broods are i-eared in the season. As the food 
consists entirely of insects caught on the wing, 
gnats in particular being favoured, the bird is 
entirely beneficial, and should on no account be 
persecuted. [j. r. a. d.] 

Swamps. — Swamps are marshy lands 
whose surfaces lie at or about the permanent 
water level, and whose soils therefore exist in 
a water-logged and semi-fluid condition. They 
have been broadly classified into two main 
divisions, namely, salt-water or marine swamps, 
and fresh-water swamps. The former type is 
to be found near the sea level along the coast, 
generally in indentations of the shore line, or 
in river deltas, or in the silted-up estuaries of 
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tidal rivers. (See art. Salt Marshes.) Swamps 
of the second group occur inland, are formed in 
fresh water, and are usually fnund at elevations 
much higher than the sea level. The peculiarity 
of the water-logged soils of these morasses is that 
they contain a very large proportion of vegetable 
matter which has accumulated from the growth 
and partial decay of a local vegetation. The 
conditions necessary for the formation of a fresh- 
water swamp are a wet soil-surface and climatic 
conditions favourable for vegetable growth. 
Dead organic matter does not accumulate on a 
dry land surface, but breaks up, by bacterial 



action, at as fast a rate as it is formed, whereby 
all the carbon of the vegetable debris is oxidized 
and returned to the atmosphere in the form of 
carboiuc acid gas. On the other hand, when a 
soil-surface is wet, complete decay of the organic 
remains does not take place, and as a result 
humus matter accumulates to a considerable 
depth. 

Fresh-water swamps may arise from the infill- 
ing of shallow lakes, such as were left in the 
hollows of the glacial boulder clay (see art. 
Bogs), or they may occupy muddy hollows in 
alluvial deposits where the water supply is too 
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small to form a lake but yet sufficient to keep 
the ground in a water-logged condition. Swamps 
are often to be met with on the alluvial deposits 
of river valleys. In these situations they owe 
their development to alternations of Hood and 
low- water conditions. The soils of these marshes 
are peaty alluvial clays, which support only the 
coarsest grasses, reeds, .sedges, and rushes. This 
vegetation, like that of all other swamps, is of 
no economic value, except that, where the firm- 
ness of the ground permits, it may be cut and 
saved for litter and for the production of farm- 
yard njanure. The chief agricultural interest in 
swamps lies in the possibility of their drainage 
and conversion into arable land (see art. Boos, 
Keclamation of). The fen lands of England, 
once desolate morasses, were reclaimed by an 
extensive and elaborate system of drainage, and 
the mixing together of the different strata, con- 



sisting of peat and clay or gravel, which formed 
their soils and subsoils. [t. h.] 

Swan. — Three species of swan are found in 
Great Britain, of which the Common, or Mute 
Swan (Cygnus olor), is now widely distributed 
as a domesticated or half -domesticated bird. 
Its present wide range is, however, due to the 
agency of man, and it is more than doubtful if 
it is a truly indigenous species in this country. 
The story goes that domestic swans were first 
introduced into England by King Richard I, 
who brought them home with him from Cyprus. 
But on the other hand. Mute Swans are fre- 
quently shot in winter ; and although these 
specimens are usually supposed to be escaped 
birds, it is not impossible that they are strag- 
glers from the Continent, where they are known 
to breed in a thoroughly wild state. The largest 
swannery in this country belongs to Lord 
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Ilchester, and is situated at his seat at Abbots- 
bury, near Weymouth. At one time this flock 
included as many as 1400 birds, but latterly the 
numbers have become reduced, and there are 
now no more than 800 head. The Mute Swan 
is fairly omnivorous in its diet. It feeds upon 
aquatic plants, insects, and molluscs, and is also 
said to devour frogs and small fishes, though 
this latter point has not been properly estab- 
lished. Swans begin to breed in their third 
year, and usually lay a clutch of about live 
eggs ; at times, however, this number is greatly 
exceeded, and nests have occasionally been found 
containing twelve eggs. Some swans have white 
cygnets, and such birds have frequently been 
supposed to constitute a distinct species, which 
has been called the ' Polish Swan '. But the 
characters which were alleged to distinguish 
adult Polish Swans from ordinary Mute Swans 
have been found to be inconstant, and the 
whiteness of the young is now attributed to 
albinism — a phenomenon which occurs spo- 
radically in very many animals. Besides the 
Mute Swan, there are two other species found 
in the British Isles, the Whooper and Bewick's 
Swan, both of which are readily distinguished 
from the domesticated bird by the absence of 
a knob at the base of the bill. The Whooper 
Swan {Cygmis miisicus), which is about the same 
size as the Mute Swan, breeds in the high north 
from Iceland eastwards, and in the autumn flocks 
south in large numbers. These flocks arrive on 
the coasts of Scotland and north Ireland in No- 
vember, and frequently stay until the following 
May. In England the species is rare, but dur- 
ing hard weather they are sometimes to be seen 
even on the south coast or on large sheets of 
inland water. On migration the Whoopers are 
very gregarious, and no traveller who has win- 
tered in the Arctic regions can ever forget the 
cheering 'hoop -hooper -hoop' of the swans as 
the wedge-shaped flocks appear in the southern 
sky, for their musical note is the harbinger of 
spring. Bewick's Swan {Ci/gnus bewicH) is con- 
siderably smaller than the other two species, 
but in habits resembles the Whooper. It is 
a winter visitor to this country, and is par- 
ticularly plentiful in Ireland. [h. s. r. e.] 

Swath. — A swath is the line of grass or 
grain as left cut by the scythe or horse mower. 
■The expression is also applied to the grain cut 
by a reaper or binder in its passage across or 
round a field. 

Swath Turner. See Hattuaking INIa- 

CHIXERT. 

Swede. See art. Tuenip. 

Sweet Basil {Ocyimim basilicum, nat. ord. 
Labiatte), a tender annual, 1 ft. high, a native 
of India. The aromatic leaves are used for 
flavouring soup, and more rarely iu salads. 
Seeds should be sown in gentle heat in March 
or April, the seedlings being eventually planted 
out 8 in. apart, with 1 ft. between the rows, in 
a warm border of rich light soil in May or 
June. The plants should be cut nearly to the 
ground when they flower, and the gatherings 
tied up in small bunches and dried for winter 
use. Some of the plants can be potted up in 
September and placed in the greenhouse if 



flesh leaves are required for winter use. Bush 
Basil ( 0. minimum ) is very similar, but is 
smaller and rather more hardy. [w. w.] 

Sw^eet Cicely {Myrrhis odorata, nat. ord. 
Umbellifera:'), also known as Sweet C'heivil, a 
hardy perennial, a native of South Europe, 
which is found growing in the neighbourhood 
of houses in this country. The leaves, which 
have a flavour of aniseed, are used in salads; 
but it is not much cultivated in Britain, being, 
however, more popular in Germany. It will 
grow anj'where, and is increased by seeds or 
division. In Scotland this plant is popularly 
known as Myirh, and its odour is considered 
attractive to bees, the insides of hives being 
rubbed with it iu the belief that they will be 
induced to enter. [w. w.] 

Sweet or Knotted Marjoram {Ori- 
ganum 2/ajorana, nat. ord. Labiat*), a tender 
Eg3'ptian biennial, which will not stand our 
winters outdoors, and rarely ripens seeds in 
this countrj'. The aromatic leaves ai-e used 
both green and dried for flavouring purposes. 
The shoots are cut when coining into flower in 
June or July, and dried in the shade for winter 
use. Seeds may be sown in gentle heat in 
March, or in drills 9 in. apart on a warm border 
in April, being thinned out to 6 in. apart in 
the rows. Common Marjoram (0. vulgare), a 
native plant; Pot Marjoram [0. Onites); and 
Winter Sweet Marjoram (0. heradeoticum) are 
also cultivated. [w. w.] 

Sweet Pea {Lathyrus odoratus, nat. ord. 
Leguminosa;); introduced from Sicily about 1700. 
This has long been one of the most popular 
hardy annuals, but it is onlj' within the last 
fort}- years that notably improved varieties 
have been raised; while the extraordinary pres- 
ent-day popularity of the Sweet Pea commenced 
with the still more recent improvements etTected 
by Mr H. Eckford, who was remarkably suc- 
cessful in raising seedlings of new colours, which 
were also greatly impi'oved in the size and sub- 
stance of their flowers. Sweet Peas are so 
beautiful, so easy to grow, and so floriferous, 
that enthusiasts for them abound everywhere, 
and are to be found among every class of gar- 
deners. They are grown in enormous quantities 
by trade growers, both for the production of cut 
flowers and seeds (although a great part of the 
seed crop is raised in California), and a number of 
new varieties are brought out every j'ear. The 
holding of the Sweet Pea Bi-centenary celebra- 
tion in 1900 led to the formation of a National 
Sweet Pea Society, which is a prosperous bodv, 
and among various other activities holds numer- 
ous shows. Sweet Peas may be grown in any 
garden soil, but a deep and rather heavy loani, 
deeply dug and manured in the autumn, gives 
the best results. Early sowing is advantageous. 
Fcjr ordinary purposes outdoor sowing in March 
will suffice, with a further sowing at the end of 
April to provide a succession of flowers. But 
in addition to making early sowings in the open, 
many growers utilize small pots in January or 
earlier under glass, planting out the seedlings 
in April. The Sweet Pea is quite hardy, and 
outdoor sowing in autumn is becoming exten- 
sively practised, and in most seasons is quite 
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successful. The after-culture consists of keeping 
off slugs, mice, sparrows, and other foes, staking, 
atibrding a mulch, or frequent surface cultiva- 
tion, and feeding and watering copiously in dry 
weather. More room should be allowed between 
the plants in rows or clumps than is often the 
case ; 6 in. apart is a good distance, and growers 
of blooms for exhibition allow 1 ft. or even 
18 in. Better results follow the growing of the 
colours separately than in a mixture. Above all 
things it is important to regularly pick off the 
flowers before they form pods; wheie this is done 
the plants will continue to flower finely for as 
many weeks as otherwise they would days. They 
may be made to flower for an even longer period 
by cutting back the plants to a height of 3 ft. 
when they commence to deteriorate. It does 
not follow that expensive novelties are the best 
sorts. The following selection was lately advo- 
cated by the National Society; White — Dorothy 
Eckford, Etta Dyke, and Nora Unwin ; Crim- 
son — King Edward and Queen Alexandra ; Rose 
— John Ingman ; Yellow and Bujf — James Grieve 
and Clara Curtis ; Blue — Lord Nelson and A. 
J.Cook; Cerise — Chrissie Unwin ; Pink — Coun- 
tess Spencer and Constance Oliver ; Orange — 
Helen Lewis and St. Cieoige ; Lavender — Lady 
G. Hamilton and Frank Dolby; Maroon — Black 
Knight ; Striped and Flaked — Jessie Cuthbert- 
son, Paradise, Bed Flake, and Piince Olaf; 
Marhled — Helen Pierce. A dwarf type, the 
Cupid, has some popularity for growing in pots 
and window boxes, and winter-blooming varie- 
ties for glasshouses are now attracting some 
attention. [w. w.] 

Sweet Potato. See art. Batata. 

Sweet Vernal Grass. See Anthoxan- 

THUM. 

Sweet William {Dianthns harbatus, nat. 
ord. Caryophyllese), a member of the Pinks and 
Carnations family, first introduced into Eng- 
land in 1573. The stems are from 12 in. to 
20 in. high; the flowers, in large dense corymbs 
with bearded petals, appear from early summer 
till autumn. It is a perennial, but is usually 
treated as a biennial. Seeds are sown as soon 
as ripe. If the seedlings are pricked out as 
soon as possible, and planted out in the autumn, 
they will flower the following summer. The 
favourite distinct garden varieties include Auri- 
cula-eyed, Dark Crimson, Doubles, and White. 

[w. w.] 

Swelled Legs. — This malady of horses is 
described in the art. Legs, Swelled. 

Swift {Gypselus apus). — Not unlike the Swal- 
low and House Martin (see Swallow and Mar- 
tins), in the company of which this well-known 
migrant is often seen, it is in reality more 
closely related to birds of the Woodpecker kind. 
Except for the grey chin and throat the plum- 
age is entirely black, and the wings are exceed- 
ingly long. The Swift arrives in May and 
departs for Africa in August, its stay with us 
being therefore shorter than that of Swallows 
and Martins. Like these it feeds entirely on 
insects taken on the wing, and is therefore en- 
tirely beneficial. The flat nest is usually made 
in a hole in some building, of grass or straw 
cemented together with the sticky saliva, and 



is lined with feathers. The two to four eggs 
are pure-white in colour. [j. R. a. d.] 

Swine Erysipelas, an infectious clis- 
ease due to a specific organism {Bacillus rhusio- 
pathiw suis). The principal mode of entrance 
into the body is believed to be by the digestive 
canal, but access is possible by means of small 
skin abrasions or minute wounds. One attack 
generally confers immunity. It is practically 
unknown in this country, but outbreaks occur 
in America and many countries of Europe. It 
is somewhat difficult to distinguish from swine 
fever. The symptoms supervening on a period 
of about three days' incubation are as follows : 
refusal of food, sometimes vomition or retch- 
ing without actual emesis, a high temperature 
(frequently 104° F.), torpidity and indifference to 
surroundings, hiding away in the bedding, great 
weakness and paralj'sis, muscular spasms and 
grinding the teeth, constipation, swollen eye- 
lids. Spots appear two or three days later upon 
the belly and hairless parts of the thighs, and 
upon the throat and ears ; they change from a 
bright red at first to purple, and unite in ir- 
regular patches. Diarrhcea and a fall of tem- 
perature precede a fatal termination, which may 
occur in from one day to a week. See Swine 
Fever. [h. l.] 

Swine Fever. — Three separate but similar 
pathological conditions embracing as many dif- 
ferent diseases have been calleci swine fever. 
They may with more exactness be described 
under the headings of swine plague, infectious 
pneumonia, and hog cholera. The first is char- 
acterized by a septic gastro- enteritis, and is 
associated with inflammation of the heart, the 
liver, and voluntary muscles, and with ha;mor- 
rhagic nephritis caused by a small immobile 
bacillus. The second or pneumonic form of 
disease affects the pleuraj as well as lung sub- 
stance, with a disposition to gangrene, and the 
production of cheese - like material, resulting 
from the action of an ovoid bacterium. Hog 
cholera, first so called in America, is also re- 
garded as diphtheria or pneumo-enteritis, and 
affects chiefly the mesenteric glands and the 
large intestines. Ulceration of the intestinal 
glands immediately behind the ileo-cascal valve 
is a prominent lesion. This malady develops 
more slowly than the two above named, and 
secondary infection of the pulmonary organs is 
common. This form of infectious disease is the 
one most generally met with in Great Britain, 
and pathologists distinguish it by the differences 
in the specific microbes, which are ovoid, motile, 
and aerobic (and facultatively anaerobic). 

The above outlines of swine-fever pathology 
will enable the purely practical pig-keeper to 
appreciate the tardy efioits of the Board of 
Agiiculture, and to understand why there is so 
much delay in arriving at a verdict and carry- 
ing out the present somewhat unsatisfactory 
regulations. The veterinary inspector merely 
carries out the duty of sending the essential 
organs, in a proper way, to the Board of Agri- 
culture, and cultures are made to establish the 
presence or otherwise of the specific bacillus. 
This is the factor which causes nearly all the 
exasperating delay of which pig-keepers com- 
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plain so bitterly. Swine fever is an infectious 
and contagious disease caused by a specific organ- 
ism, and the period of incubation is said to be 
about five days, because that is the time occu- 
pied by inoculated subjects. Possibly it may be 
a little longer when the malady is communicated 
by contact. The tempeiature varies from 104^ 
to 106° F. ; the animal appears ill, and in most 
eases, but not always, a rash comes out on the 
skin. More important than anything else to 
the swine-keeper is an early diagnosis, to enable 
him to instantly isolate an animal with the 
slightest suspicion, and for this reason his atten- 
tion is invited to the following sjuuptoms : dull- 
ness, loss of appetite, retiring from its fellows, 
seeking a dark corner, or burying itself under 
litter, an expression of dejection, hanging ears, 
half - closed and watery eyes, reddened and 
spotted conjunctival membi-anes, with a morbid 
secretion around the eyelids ; the latter being 
often preceded by red spots on the ears, or a 
blushing redness about these organs. There is 
much heat and sensitiveness to the touch in the 
red spots at first, but they later on become cold 
and devoid of sensation, the animal making no 
sign of feeling if pricked with a pin. Grinding of 
the teeth, or a grating sound produced by trans- 
verse movements of the jaw ; trembling, con- 
vulsions, and contraction of the flexor muscles 
of the limbs mark the progress of the disease. 
(It is the latter that causes the animal to stand 
on his toes.) Paralysis, either of the hind limbs 
or of the body generally, is succeeded by loss of 
control over the sphincters, and the involuntary 
passage of fajces and urine. As with most acute 
febrile diseases, there is at first constipation. 
This gives way to diarrhoea, convulsions, per- 
haps cough, and finally a collapsed or comatose 
condition before the animal dies. An outbreak 
of swine fever must be immediately notified to 
the local authorities. No cure for this very 
fatal malady is known. [h. l.] 

Sycamore, Scots Plane, or Great 
Maple {Acer Pseudoplaianus) belongs to the 
Maple genus of the family Acerace;e, charac- 
terized by having opposite, stalked, simple leaves 
without stipules, palmately veined and often 
palmately lobed ; small regular flowers, often 
greenish and generally hypogynous, with 4 to 5 
sepals and separate petals, and 4 to 12 (usually 8) 
stamens; and a dry 2-winged (occasionally 3- to 
5-winged) samara fruit breaking into two (or 
three to five) separate 1-winged portions, whose 
single closed chamber generally contains one 
seed. The only other species of the Acer genus 
commonly found in British woodlands are the 
indigenous shrublike Field Maple, common in 
hedgerows and underwoods, and the Maple, or 
Norway Maple (see Maple), introduced, like the 
Sycamore, from Continental Europe, and long 
naturalized in our woods. Sycamore can easily 
be distinguished from Maple in winter by its 
yellowish buds (and not red-brown), in spring 
by its flowers only appearing after the foliage 
is flushed (and not along with or just before 
the foliage), and from spring to autumn by its 
having 5-lobed (not 5 to 7) bluntly toothed 
leaves, only pointed at the tip of each lobe (and 
less resembling those of the Plane tree). Its 



hard and whitish wood (sp. gr. 0'93 green, 0'66 
seasoned) is only durable when used in dry 
places, but is prized for making calico-rollers 
when measuring from 9 to 11 in. aud upwards 
in diameter. In the vicinity of mills it is thus 
one of the most profitable trees, and especially 
when only available in small quantities. It 
forms a deep root-system, and therefore thrives 
best on a deep soil, or where the subsoil is 
fissured and easily penetrable. Sandy loams 
suit it well, but its finest growth is attained 
on land containing a fair amount of lime. It 
is more suitable than Maple for planting (ju 
hilly land, but apt to be nipped by frost in 
damp hollows. Its growth is best when mixed 
with other broad-leaved trees (especiallj' Beech), 
and it reaches maturity at about 70 years 
of age. It bears seed freely from about 30 
to 35 years of age onwards, and often (along 
with Ash) seeds itself thickly in thin woods, 
though usually only to be eaten by rabbits. 
One pound contains about 6000 seeds, and 
yields about 3200 seedlings, which germinate 
in four to six weeks' time. The seed may 
either be sown in autumn, or kept in dry sand 
and sown in spring closely in diills with a 
covering of about i in. of eai th ; but in either 
case many of the seeds may fail to germinate, 
or else only come up in the second year. Seed- 
lings grow quickly and can be set in the nurseiy 
lines when 1 or 2 years old, and put out as 
l-year-2, or 2-year-2 transplants. They speedily 
establish themselves, and grow rapidly at first. 
Like Ash, seedlings in natural woods can en- 
dure heavy shade, but during and after the 
pole-stage of growth Sycamore needs room for 
lateral expansion ; for it belongs to the light- 
demanding trees. In coppices it throws out long, 
straight stool-shoots, but its reproductive power 
soon weakens, and especially if the cut be not 
made close to the ground. It is not, however, 
of much use in underwoods, as it has little value 
until of fairly good size. But the good price 
obtained for well -grown stems, and the ease 
with which it eflfects natural regeneration wher- 
ever the soil is not thickly overgrown with 
weeds, indicate that in the future it may be 
found profitable to encourage the growth of 
Sycamore to a far greater extent than has hither- 
to been the case in British woodlands. It stands 
the sea-breeze well, and resists wind, so that it 
is often planted in wind-screens and shelter- 
belts, especially near the sea-coast. [j. N.] 

Sycamore. — Parasitic Fungi. — The 
well-known black blotch on leaves of Syca- 
more, Maple, and other species of Acer is 
caused by Rhytisma acerinum, an Ascomycete 
fungus. The blotches contain masses of fungus 
filaments, and are _yellow at first but soon turn 
black. The disease is spread chiefly by asco- 
spores, which develop in the rotting fallen 
leaves, and are dispersed about the time new 
leaves unfold next summer. Another form of 
leaf-spot with yellow blotches dotted with black 
points is due to Rhytisma punctatum, but it is 
less common. Several other leaf -spot fungi 
have been recorded, none of them destructive. 
Considerable damage may be done to young 
trees when the foliage becomes coated with 
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■white powdery mildew (Uncinula), one of the 
Erysiphete (see Fungi — ' Asconiycetes '). 

Treatment. — All these fungi may be checked 
by regularly collecting and burning the fallen 
leaves. 

The art. Beech — Parasitic Fungi should be 
consulted for wood rot, stem canker, and seed- 
ling disease. [w. G. s.] 

Syenite, a completely crystalline igneous 
rock faii'ly rich in alkalis, but with less silica 
than granite, and less lime than diorite. It 
contains some 5 to 6 per cent of potash and 
2 to 4 per cent of soda. Syenite thus typically 
consists of a potash-felspar, with hornblende, 
dark mica, or augite ; silica is not present in 
sufficient quantity to produce any appreciable 
amount of quartz. Syenite is comparatively 
rare, since it requires a certain balance among 
the chemical constituents. It occurs in Britain 
at Mount Sorrel in Leicestershire, but in few 
other places. Its soils resemble those of gianite, 
but contain less coarse sand. [g. a. j. c] 

Sylvicultural Characteristics of 
Trees. See Trees, Sylvicultural Charac- 
teristics OF. 

Sylviculture is that main branch of 
forestry which deals with the formation, tend- 
ing, and renewal of woodland crops (see also 
arts, on Forestry and on Woodlands — Man- 
agement, Protection, and Utilization). The 
main scientific foundations of the modern art 
of sylviculture, as distinguished from the old 
national form of arboriculture in Britain en- 
forced from the time of the Statute of Woods 
(1543) down to about the end of the 18th cen- 
tury, are chemistry, soil science, plant physio- 
logy, and climatology ; and its main aim is to 
grow crops of timber in the manner most profit- 
able to the landowner. With regard to sylvi- 
culture, one has first of all to consider the 
special peculiarities and general characteristics 
of the different kinds of trees, and the different 
methods of treatment that can be given to them 
as woodland crops, before dealing with the three 
chief stages in the growth and development 
from seedling to mature timber: the formation 
of woodlands, or sowing and planting ; tending, 
or weeding and thinning; and renewal by repro- 
duction through stool-shoots and root-suckers, 
or regeneration by means of seed shed naturally 
or sown artificially. 

1. Our Woodland Trees. — The timber crop 
which can be grown in the British Isles com- 
prises, owing to our mild, equable, damp climate, 
a very large number of different kinds of trees 
for so comparatively small an area. The indi- 
genous trees which can be profitably grown as 
timber crops are very limited in number, and 
include Beech, Hornbeam, Alder, Ash, Oak, 
Scots Elm, Aspen, Birch, White Willow, and 
among conifers only the Scots Pine, not reck- 
oning the minor indigenous trees and shrubs 
found casually in highwoods or grown in cop- 
pices and underwoods, such as Cherry, Rowan, 
Sallow, Field Maple, Hazel, &c. Many valuable 
trees now thoroughly naturalized were intro- 
duced by the Komans, including English Elm, 
Chestnut, Lime, Black Poplar, White Poplar, 
and Horse - chestnut ; while subsequent intro- 



ductions have been, in frhe 15th century. Crack 
Willow, Sycamore, and Spruce; in 16th century, 
the Maritime Pine; in 17th century. Silver Fir, 
Norway Maple, and Robinia; in 18th century, 
Larch, Weymouth and Corsican Pines, and 
American Black Poplar; in 19th century, Aus- 
trian Pine, Nordmann's and Gieat Silver Firs, 
Douglas Fir, Menzies Spi'uce, Lawson's and 
Large -coned Cypresses, Thuja gigantea, and 
Japanese Larch ; and in the 20th centurj', the 
American Larch. Though the countries to which 
these trees are indigenous exhibit marked dif- 
ferences in climate, yet they can all thrive 
here as woodland crops worked purely on com- 
mercial principles for the growing of market- 
able timber. For poor land the conifers are on 
the whole the most valuable, not only because 
they are in general much less exacting as re- 
gards the quality of the soil, and have usually a 
greater power of accommodating themselves to 
land which does not quite supply their normal 
requirements, but also because they usually 
grow up into good marketable dimensions long 
before some of the broad-leaved trees, and espe- 
cially some of the hardwoods {e.g. Oak), can be 
profitably maiketed. And this has the double 
advantage of locking up less capital (land plus 
growing timber crops) and giving earlier re- 
turns from what is even under the most favour- 
able circumstances an investment giving only 
tardy returns. 

2. The Different Forms of Woodland 
Crops. — In the Statutes relating to land valua- 
tion, rating, and succession duty, and also in all 
the official returns published by the Board of 
Agriculture, the woodlands throughout Britain 
are classified either as ' Coppices ' or ' Woods 
and Plantations '. This is merely a continua- 
tion of ancient law and custom, for both under 
the old English forest law and under the com- 
mon law applying to woodlands not included 
within any forest boundary, the woodlands 
were either coppices (st/lvce ccedum), whether 
simple or stored with standard trees, or woods 
{saltus), and important legal differences have 
always existed, and still exist, in England be- 
tween these two classes of woodland crops on 
entailed estates. But from a sylvicultural point 
of view, woodlands may be treated according to 
one or other of the following different methods: — 

I. Coppices or Copses. — (1) Simple ; (2) stored 
with standard trees, preferably raised from seed. 

II. Highwoods, to be renewed by (1) clear- 
felling, with artificial regulation by sowing or 
planting ; (2) successive falls or partial cleai- 
ances, which may be either (a) occasional or 
more or less regular falls throughout the whole 
wood, with natural or artificial regulation ; or 
(6) natural I'egeneration in groups, by felling in 
patches ; or (c) uniform natural regeneration, 
by means of i-egular partial clearances made 
to stimulate seecl production, utilize good seed 
years, and graduallj' remove the mature parent 
trees when the young crop has established itself 
and needs more light. 

3. The Formation of Woodlands on waste 
lands or poor tracts thrown out of arable culti- 
vation must take place artificially by sowing or 
planting, unless, as is rarely the case, the area 
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can be stocked from light seed shed by a neigh- 
bouring wood, and eVen then many blanks would 
have to be filled by planting. In our damp 
climate, favourable to the growth of rank 
weeds, sowing is impracticable and planting 
almost universal. To provide the plants needed, 
seed has to be obtained of the best quality pro- 
curable, and the young plants are raised in 
nurseries by being sown broadcast, or in drills 
on seedbeds, then lined out into transplant 
beds, usually as 2-year seedlings, where they 
generally stand for other two years, and are 
put out as 2-year-2 transplants (see Nursery). 
To get seed of the best quality, from well- 
grown middle-age trees, is just as important for 
successful timber-growing, as getting first-class 
sires and dams is to the stock-breeder; only the 
best is the most profitable in the end. But 
trees have this advantage over animals, that 
diseases are not inherited, though a weakly con- 
stitution predisposing towards easy attack by 
fungous diseases may quite possibly be inherited, 
and may become more marked on any soil or 
situation not quite suitable for the given tree 
crop. The various methods of planting in use 
are : (1) notching or slit-planting with naked 
seedlings or transplants, a method only suitable 
for light, friable, sandy soil, and even then pre- 
ferable in the form of perpendicular notching 
with a flat -faced dibble or narrow ditching 
spade ; (2) pit-planting with transplants, either 
with naked roots or with balls of earth attached 
to them ; and (3) mound-planting on wet land 
(see Planting). Wet land should be thoroughly 
drained before planting, and soil preparation 
carried out by cutting and burning weeds and 
rubbish. On old arable land the planting of 
Scots Pine is apt to induce root disease, and on 

Eoor soil an admixture of White Alder is often 
eneficial through the supplies of nitrogen ob- 
tained in its root nodules, and through its power 
of throwing up root-suckers plentifully. Quick- 
growing hardy kinds of trees, like Larch, Pine, 
and Birch, are sometimes planted as ' nurses ' 
to protect less hardy kinds, like Silver Fir, 
from frost at first ; but in such cases the nurses 
should be cut out as soon as they have served 
their purpose, otherwise they suppress the main 
crop, and grow up into a thin and unsatisfactory 
wood. 

4. The Tending of Woodlands consists in 
(1) the weeding and cleaning of young planta- 
tions and thickets of natural regeneration; (2) 
the thinning of pole woods and middle-aged 
crops ; and (3) the partial clearance of maturing 
woods, in order to stimulate increment on the 
stems. The object of weeding and cleaning is 
to enable the young plantations and thickets to 
establish themselves in the form desired. Thus, 
besides freeing the tops of the plants from 
strong growth of grasses and other weeds 
threatening to overlay and suffocate them, soft- 
woods like Aspen, Birch, or Willow, or any 
other kind of tree not desired in the crop, 
should be cut out. The thinnings, which gene- 
rally begin at about 17 to 20 years of age 
in conifer, and later in broad - leaved crops, 
are made with the object of enabling the best- 
grown young trees to continue to develop well. 



so that the ultimate crop obtainable may show 
the largest profit on the capital invested in 
producing it. Under our old national sj'stem 
of arboriculture, young plantations and matur- 
ing woods were habitually overthinned, and the 
trees therefore grew up much rougher and more 
branching than is now desirable ; but if a rational 
amount of thinning is not done, the crops get 
too thick and the crowns of foliage too small for 
healthy growth. Ordinarily, the trees which 
should be removed are (1) those dead or dying ; 
(2) those diseased, infested with insects, or much 
suppressed ; (3) those interfering with the growth 
of trees likely to be of greater ultimate value 
later on ; and (4) forked and badly shaped trees 
not likely to have much value as timber. Thin- 
nings may be light, moderate, or heavy, though 
these terms are rather indefinite, as what might 
be a moderate thinning for light - demanding 
trees, like Oak, Ash, Larch, and Pine, might be 
a heavy thinning or an overthinning in shade- 
enduring crops like Silver or Douglas Fir, 
Spruce, or Beech. The percentage of the crop 
removed at each thinning may vary greatly 
according to the kind of tree and the age of the 
crop, the quality of the soil, and the elevation, 
aspect, and slope of the land ; and it may vary 
from below 5 to over 10 per cent of the stand- 
ing crop at difi'erent ages. Thinnings generally 
begin when the price obtained for the material 
cut out more than pays the cost of cutting and 
extraction; and, of course, the larger this income 
or partial return from the capital sunk in the 
plantation is, the less the net cost of the young 
crop just after a thinning. This tends to induce 
somewhat heavy thinning ; but if the woods are 
to be managed on purely business principles it 
is in the end more profitable to thin moderately 
and at regular intervals of from 5 to 10 years, 
according to the given conditions, than to make 
heavy thinnings before the crop is nearing its 
maturity. Thus heavy thinnings amounting 
to partial clearances generally give good incre- 
ment on the stems, though it increases the risk 
of windfall. In conifer woods intended to be 
worked solely for providing pitwood timber, 
heavy thinnings by cutting out the largest poles 
may, however, prove the most profitable treat- 
ment. Pruning is unnecessary in closely grown 
crops, and even in standards over coppice it is 
seldom profitable, as it tends to make the trees 
die ofi' in the top. 

5. The Eenewal of Woods may take place 
(as already indicated under 2) by methods vary- 
ing according to the form of the crop. Simple 
coppices are cut back to the stool -n-ith a clean 
slanting stroke as close to the ground as pos- 
sible, and reproduce themselves by throwing out 
stool-shoots or root-suckers. In stored coppice 
or coppice with standards, along with the under- 
wood the standard trees grown for timber are 
also removed in a more or less fixed proportion, 
all the trees of the oldest class (say of four or 
five rotations of the coppice) being felled together 
with an equal number of the next-age class, and 
the other younger-age classes cut in larger num- 
ber, the object being at each rotation to remove 
those that are not well grown, and only to leave 
those that seem likely to continue growing well 
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(see Coppices). The renewal of highwoods (see 
HiOHwooDs) takes place in Britain by planting, 
when clear-felling is adopted as is very often 
the case ; and here the planting area is cleared 
and burned to destroy the rubbish, and then 
replanted. Natural regeneration from self-sown 
seed is here only usual in the case of the Beech 
woods on the chalk hills of southern England, 
and of Scots Pine in the Strathspey district 
of Scotland ; but it might be advantageously 
carried out to a much larger extent than at 
present in most of our woodlands formed with 
deep-rooting kinds of trees (but not in Spruce 
woods), as Ash, Sycamore, Larch, Oak, Silver 
and Douglas Firs, Thuja gigantea, and most 
kinds of forest trees come up fairly thickly 
wherever the soil is in good condition, and not 
overrun with a rank growth of weeds — provided 
always that rabbits are kept down. The method 
of occasional falls (see 2 above) is most suitable 
for ornamental woods and broad shelter-belts ; 
that of regeneration in groups or patches for 
underwoods of broad-leaved trees and of Silver 
Kr ; and that of uniform natural regeneration 
by means of successive partial clearances before, 
during, and after the good seed years for Beech, 
Scots Pine, and probably also Douglas Fir and 
Thuja gigantea. Where blank spaces remain 
in highwoods by any of these three different 
methods, they can easily be filled by planting 
them up with whatever kinds of trees seem 
best suited to the soil and situation, so as to 
have ultimately the largest and moat valuable 
crop of timber that the land is capable of 
yielding. [j. n.] 

Sylvine. — This mineral, composed of po- 
tassium chloride (KCl), popularly known as 
' muriate of potash ', closely resembles rock salt, 
but occurs far more sparingly. It cannot, in- 
deed, be obtained separately on a commercial 
scale, even from the deposits of potash salts in 
Prussia. In that region some of the sylvine has 
arisen from the alteration of carnallite. A mix- 
ture of rock salt and sylvine is raised at Strass- 
fiirt under the name of Sylvinite. [o. A. j. c] 

Symbiotes auricularum (Ear Mange 
of Oat and Dog). — This 
species lives in the ear 
of the cat, dog, and 
ferret, and gives rise to 
so - called Otiocariasis 
of the ear. The aoarus 
is small and white, and 
causes intense nervous 
disturbance. It breeds 
in colonies. The males 
are about 0'3 and the 
females 0'4 mm. in 
length. Treatment cow- 
sists of pouring into 
the ears warm oil, car- 
bolic, or chinosol. 

[r. V. T.] 
Symbiotes com- 
munis (Colonial Leg 
Skin Mites). — The so- 
called Symbiotes are 
colonial scab mites. 
They do not excavate any sub-epidermic gal- 




Symbiotes communis equi, 
male, ventral surface x 60 



leries. In form they are oval, not rounded, and 
the legs are longer and more easily seen than 
in the ordinary scab mite. They cause localized 
scabies, the extension of which is slow. They 
chiefly locate themselves on the legs, especially 
in the hollows of the feet. One variety ((S'. ovis) 
is now and then found on the feet of sheep, 
and according to Goodall is one of the forms of 
footrot. It has occurred on sheep in North 
Devon, Kent, and Hampshire. The mites form 
a mass of pinkish-grey colour between the toes, 
and are said to give rise to lame feet. The skin 
becomes reddened, moist, and a thin scab results. 

Treatment has been found successful by wash- 
ing the feet in a 2-per-cent solution of lysol. 

[r. V, T.] 

Symplectoptes cysticola (Skin Mite 
of Poultry), a minute acarus, -22 mm. long, 
which is found on poultry and game birds. 
The acari live in the connective tissue of the 
birds but do not seem to affect the health of 
host, but they give rise to tubercles from the 
irritation they set up. [f. v. T.] 

Synodendron cylinclricum(Bhinoceros 
Beetle). — This beetle is one of the Lamellicorns. 
It varies in length from -j to | in. The coloui- 
is black, body cylindrical, and the legs short ; 
the front of the thorax is scooped out so as to 
leave five toothlike projections, and the head of 
the male has a hornlike appendage ; the female 
has one also, but not so long; this horn gives it 
the popular name of Rhinoceros beetle. The 
larvte resemble others of the same group; the 
head is small, body dirty -white, the front part 
thicker than the hind, which is less curled up 
towards the abdomen than in the chafer or the 
stag beetle. They live in the wood of Ash, Birch, 
Beech, and Willow, and sometimes do consider- 
able damage ; but they mainly attack unhealthy 
or decaying timber. It is common from the 
Midlands southwards, but is rare farther noi'th. 
Decaying timber should be destroj'ed wherever 
these larvje are found, so as to save other trees 
in the neighbourhood. [f. v. t.] 

Syrian Goat. — This breed, known also as 
the Mamber Goat, presents characteristics differ- 
ing in many respects from the Common Goat, 
and distinct also from the Nubian. The ears 
are longer and much wider than in the latter, 
often measuring 16 in. in length and 6 in. in 
width, with a slight curl outward at the extre- 
mity. The facial line is straight in the female, 
but in the male the forehead slightly projects. 
The horns, when these are present, incline to 
the rear and form a spiral similar to those in 
the ram but less heavy. The hair is generally 
black and of considerable length, measui'ing 10 
or 12 in. It is used largely in the East in the 
manufacture of carpets and also for tentcloth 
and cordage. There are several varieties of 
this breed, but that which is most valued as a 
milker is the Samar, which yields an abundant 
and rich milk. From this milk the far-famed 
butter of Aleppo is produced, which is in great 
demand throughout Asia Minor. There exists 
a white variety of the Syrian Goat in the neigh- 
bourhood of Damascus, but its reputation as a 
milker is not equal to that of the Samar. 

[h. s. h. p.] 
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Syrphus, a genus of two - winged flies, 
whose maggots live, during tlie summer and 
autumn, upon aphides, devouring immense quan- 
tities. They belong to the family Syrphid* or 
Hover Flies. 

S. balteatus (fig. 1, slightly magnified) is bright 
ochreous; eyes chocolate colour; thorax coppery- 




SyrphidcE — Hover Flies 

green ; body with one or two broken, two nar- 
row, and three broad orange bands ; larva fleshy, 
tapering to the head, with orange and dark spots 
down the back (fig. 2 shows it sucking a plant- 
louse); pupa horny, pear-shaped, dusky (fig. 3). 



5. ribesii, Linn. (fig. 7), is very abundant. It 
is ochreous ; eyes and antenna; chocolate ; the 
latter orange beneath; thorax bottle-green; 
scutel ochreous ; body with two large spots, 
two broad, and one narrow orange band. Larva 
and pupa similar to the last. Figs. 4, 5, and 6 
represent Catahomha pyrastri, an insect of same 
family (see art. Catabomba). [j. c] 

[f. v. t.] 

Syrup. — The name syrup is given indiscri- 
minately to all viscous liquids rich in sugar. It 
is most commonly applied to the purer grades of 
treacle obtained in the refining of sugar (' golden 
syrup ', &c.). These contain commonly about 
25 to 35 per cent of water, and 65 to 70 per cent 
of sugars (sucrose, glucose, and fructose). One 
of the cheapest of syrups is that known as 
'starch-syrup', obtained in the manufacture of 
glucose from starch. It contains usually about 
30 to 35 per cent of glucose and 45 to 50 per 
cent of dextrins, and is used to adulterate the 
S3'rups obtained in the manufacture of sugar. 
These are the only syrups likely to be met with 
upon the farm, the fruit syrups being prepared 
only for human consumption. Syrup is occa- 
sionally used for sweetening foods and render- 
ing them more palatable, but this object can 
usually be efiected more economically by means 
of molasses. [c. c] 
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Tabanidee, a family of blood-sucking flies, 
including the ' cleggs ' or ' gadflies '. The males 
are inoffensive, but the females pierce animals 
with their lancet-formed mouths, and suck their 
blood. One of the most familiar examples is 




TabaniiS boviims (the Ox Gadfly) 

Tahanus hovinus, the Ox Gadfly, which is con- 
spicuous by its great size. The larv« (fig. 1) 
live in the earth, where they change to pup?e, 
and the flies are abundant in June, July, and 
August. The fly is brown ; the body is pointed, 
and the sides are ochreous at the base. The 
female is larger (fig. 2 ; fig. 3 shows the head in 
profile) ; the face is of a grey colour ; the short 
antennfe are tawny at the base. The thorax is 
indistinctly striped with grey ; the edges of all 
the abdominal segments are downy and whitish, 
with a similar line of triangular spots down the 
back ; the two wings have bright. Drown, pinion 



edges and nervures, and the shanks are buff- 
colour. Some of the smaller species are equally 
troublesome, e.g. the grey 'clegg', Hcematopota 
pluvialis, which attacks both men and cattle in 
the summer. [j. c] [c. w.] 

Tabanus, a genus of blood-sucking diptera. 
See Tabanid^. 

Taenia, the genus to which most of the 
tapeworms belong. All domesticated animals, 
as well as man himself, are liable to be attacked 
by them. The internal parasites known as 
bladderworms were long considered to be en- 
tirely different creatures ; but it is now known 
that all tapeworms pass through the bladder- 
worm stage in the course of their development, 
and require two different animals or ' hosts ' to 
live in if they are to complete their life-history. 
Thus the bladderworm often present in the 
liver of the rabbit, and attaining in that animal 
no further development, will, if eaten by a dog, 
give rise to a tapeworm, Tcenia serrata. 

The bladderworm always consists of a bag or 
' cyst' enclosing one or more heads {scoUces) pro- 
vided with hooks and suckers. When eaten by 
another animal the cyst is dissolved by the diges- 
tive juices, and the scolices attach themselves to 
the walls of the intestine and, by budding off 
segment after segment, develop into tapeworms. 
Each segment {proglottis) of the tapeworm, when 
mature, is full of eggs, and these are constantly 
passed out by the infested animal. If eaten by 
the second 'host' they become bladderworms. 
An animal suffering from tapeworm is not cured 
unless the head or scolex is detached and ejected, 
and strong purgatives (male-fern, areca nut, &c.) 
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are employed to eifeet this purpose. But much 
may also be done in the way of prevention, and 
if a dog, for instance, is not allowed to touch 
the viscera of hares or labbits it will not con- 
tract the tapeworm disease due to T. serrata. 

The disease known as ' gid ' or ' staggers ' in 
sheep is due to the presence of a laige bladder- 
worm in the brain. This bladderworm, if eaten 
by the sheep-dog, gives rise to the tapeworm, 
T. ccemirus. Obviousl)' it is folly to allow a dog 
sufl'ering fiom tapeworm (which may be of this 
species) to run among the sheep, and it should 
be rigidly kept away from them until cured. 
Perhaps the commonest human tapeworm is 
T. solium, of which the bladderwoi'm is to be 
found in the flesh of the pig. See art. Tapb- 
WORMS. [c. w.] 

Tail Docking. See art. Docking. 

Talc, a pale - coloured mineral of a flaky 
nature, so soft that it can easily be scratched 
by the thumbnail. It is a hydrous magnesium 
silicate, H2Mg3(Si03)4. When massive, it is 
styled soapstone or steatite, and is sold as a lubii- 
cating material. Talc forms schistose rocks, but 
is not a very common rock-forming mineral. 

[g. a. j. C.J 

Tall Fescue, a grass of high nutritive 
value. See Arrhenatherum and Fescue 
Grasses. 

Tallow is the name given to the fat of oxen, 
cows, calves (beef tallow), sheep and goats (nmt- 
ton tallow), when separated from the connective 
tissue with which it is associated in the animal. 
This separation is effected by boiling the rough 
fat and adherent tissue with water, the clear 
melted fat which rises to the surface being then 
drawn off. To extract the rest of the fat the 
animal tissue, &c., is treated with a little dilute 
sulphuric acid in order to 'cut' the cell mem- 
branes, and then again boiled up with water. 
This second crop of tallow is usually inferior to 
the first melt. For some purposes the tallow 
thus obtained is further refined and bleached. 

The fats from different parts of the carcass 
vary considerably in value, and for the best 
varieties of tallow, such as are used for the 
manufacture of margarine, the more valuable 
kidney fat (' suet ') and bowel fat (' midgerum 
fat ') are rendered separately and not mixed 
with the caul fat. The quality — especially the 
hardness — of tallow varies with breed, age, and 
feeding of the animals. Foods rich in carbo- 
hydrates and poor in oil (e.g. grass, hay, straw) 
tend to give a hard tallow. Male animals usu- 
ally yield a harder tallow than females. Mutton 
tallow is very similar in composition to beef 
tallow, but is usually harder than the latter. 
It is also more liable to turn rancid, and hence 
cannot be used in the manufacture of the finest 
margarine or high-class toilet soaps. 

The common classes of tallow are often sub- 
jected to hydraulic pressure, whereby the liquid 
ingredients are largely expressed and form a 
liquid or semi-solid product known as ' tallow 
oil '. This is chiefly used in admixture with 
mineral oils as a lubricant. The solid residue 
in the press (' stearine ') is used for candle- 
making, for which purpose al.so much unpres.sed 
tallow is used. ' Stearine ' obtained in similar 



fashion from high-class tallows is used for edible 
purposes as an ingredient of compound lards 
and suet substitutes. 

For the use of tallow in the manufacture of 
margarine, see art. Margarine. 

The tallow industry has now i-eached very 
considerable dimensions, the home production 
of the United Kingdom alone being estimated 
at well over 100,000 tons, representing a value 
of ^3,000,000. The products are chiefly ab- 
sorbed by the soap-making, candle -making, 
and margarine industries. [c. c] 

Talus. — This term, meaning a projection at 
the foot of an upright object, is applied in geology 
to the slopes of detritus that gather under moun- 
tain walls. Coarse taluses, such as are mainly 
formed by frost action, are styled screes in the 
north of England. Any material worn from 
the higher summits may go to increase the talus. 
Taluses typically assume conical forms, and unite 
by overlapping at their feet. As the finer ma- 
terial sinks to the base through the interstices 
between the coarser stones, taluses remain rugged 
on the surface, with holes that are dangerous for 
sheep or cattle wandering on the slopes. Some 
taluses serve for the growth of trees, but through 
slips in the talus, or the descent of new material 
from above, such trees are liable to abrupt de- 
struction. A few hours of storm will sometimes 
visibly extend a talus in a mountain district, at 
the expense of grassy pasture-land. Tlie decay 
of the talus-blocks, and the washing out of the 
fine material, furnish, however, the excellent 
alluvium which supports life in otherwise barren 
uplands. [g. a. j. c] 

Tamarind {Tamarindus indica, Linn., nat. 
ord. LeguminosEe), a large evergreen tree culti- 
vated throughout India and most tropical coun- 
tries, luxuriating on a deep alluvial soil. It 
flowers in April and May, and affords its ripe 
crop in the ensuing cold season. The young 
shoots or seedlings have been a valued anti- 
scorbutic since the most ancient times. The 
pulp of the ripe pod is a favourite ingredient in 
curries, chutneys, &c., and valued in pickling 
flsh ; it is also largely utilized in the prepara- 
tion of a syrup employed in sweetmeats. The 
tamarind of European commerce is prepared 
by carefully removing the shell, seed, and other 
impurities, then packing the reddish - brown 
pulp, layer upon layer, with salt or sugar be- 
tween, and closing in the package with a coat- 
ing of boiling syrup. The supply of the United 
Kingdom comes mainly from the West Indies. 

[G. W] 

Tamarisk, a genus (Tamarix, nat. ord. 
Tamariscinea;) comprising about twenty species 
of ornamental greenhouse and hardy half-ever- 
green shrubs and small trees, with featbeiy foli- 
age, and white or pink flowers. They thrive in 
sandy soil, and are particularly well adapted 
for planting by the coast. T. anglica is a native 
plant ; T. gallica, which is a favourite for plant- 
ing, attains 5 to 10 ft. in height, and flowers 
from July to September ; T. Pallasii, a native of 
Eastern Europe and Afghanistan, is a particu- 
larly handsome kind, and the var. rosea is an 
improvement on the type. Other hardy kinds 
are chinensis, hispida, and tetrandra. Propaga- 
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tion by cuttings. The manna of Mount Sinai is 
produced by a variety of T. gallica. [w. w.] 

Tamworth Pigs have undergone a con- 
sidei'alile cliaiige in form, colour, and early-ma- 
turing qualities during the last few decades. In 
its unimproved form the Tamworth was mainly 
kept in the counties of Stafford and Warwick, 
and was of medium size, dark grizzly in colour 
with black skin spots, long in snout, short in 
ear, heavy in shoulder, short in the back, and 
light in the hind quarters. It was fairly prolific, 
the young were hardy and somewhat wild, 
whilst neither young nor old were noted for 
their good temper. The fat pigs were slow in 
maturing, but the pork possessed a large share 
of lean. Some years ago this breed was taken 
up by an enthusiast, who endeavoured to im- 
prove their defects, for he recognized that the 
majority of the pigs of that period were un- 
suited for the manufacture of bacon and hams 
of the finer qualities. Subsequently Large and 
Middle White pigs of both sexes were used for 
crossing, when some very line cross- breds re- 
sulted. At the present time the fashionable 
colour of the Tamworth pigs is a golden-coloured 
red. The nose is shorter, the ear longer, and 
pendent instead of being pricked, the jowl is 
heavier, the shoulder is lighter, the back longer, 
and the hind quarters and hams are better de- 
veloped than in the oldfashioned type of Tam- 
worth. A considerable number of Tamworth 
boars have been exported, but except in Canada 
they have not given complete satisfaction wheu 
mated with the Berkshires and others of the 
more compact breeds for the production of 
bacon pigs. Present-day breeders of Tam worths 
find great difficult)' in procuring a change of 
blood owing to there being so few tribes or 
families whose pedigrees have been recorded in 
the herd book. This may be due to two causes : 
the small quantitj' of foundation stock, or the 
limited number of breeders who have recorded 
their stock, or who, having been successful in 
the show yards, have gained a notoriety for the 
superiority of their pigs for exhibition purposes. 

[s. s.] 

Ta.nfa.ce Sheep, a name sometimes ap- 
plied to the Welsh iVIountain Sheep (see this 
article). 

Tank (Liquid-manure). — The liquid- 
manure tank, when placed beside the dung- 
stead, serves as a receiver of the drainings from 
the heap, and the sewage from the special 
drains that lead from the various houses in 
which the animals are accommodated. The 
tank will also be convenient should it ever 
become advisable to sprinkle the dungheap with 
the liquid manure. If the tank be made long 
and narrow it will be all the easier to cover in. 
Either at a side or an end of the dungstead will 
usually be found a stretch of wall alongside 
which the tank may be constructed. A tank 
20 ft. long, 3 ft. deep, and 2i ft. wide will hold 
close on 950 gal. of liquid. Such a tank with 
a concrete bottom, sides either of brick and 
cement or concrete, and a cover either of flat 
stones, or concrete again, is cheap and service- 
able. It may not be always practicable to get 
the inner side of the tank put close up to the 



outer face of the dungstead walk Where this 
can be easily done, however, the two need be 
no farther apart than the breadth of a narrow 
ledge (6 to 9 in.) for support of the covers on 
that side. In fact, where concrete happened to 
be adopted as covering medium, the two could 
be flush if the ends of angle-iron supports were 
let into the wall. It is easier to make the tank 
when the dungstead is being constructed, be- 
cause the wall against which the tank is to be 
formed can then be founded deep enough to act 
as the back side of the tank. No drains dealing 
with water from the roofs should be in con- 
nection with the liquid-manure tank, either 
directly or by way of the dungstead itself; 
only those from the live-stock houses should be 
connected to it. A pump is a necessary addition 
to the tank (see Pumps). [r. h.] 

Tanning. See arts. Leather Industry 
and Barking. 

Tansy {Tanacetum vulgare, nat. ord. Com- 
posite), a strong-growing aromatic herb, 3 to 
4 ft. high, with finely divided leaves and bright- 
yellow button-like flowers, borne on terminal 
corymbs. The plant is easily cultivated, and 
may be increased by seeds or by division of the 
rootstock. Tansy is of some medicinal value, 
and is used for flavouring and colouring pud- 
dings. A crisp or deeply-cut-leaved variety is 
occasionally used for garnishing. [a. h.] 

Tapeworms (Cestoda), a class of Flat 
Worms (Plathelminthes), including an enormous 
number of internal parasites which occui' as 
adults in all kinds of vertebrates. All tape- 
worms (except Archigetes) require two hosts. 
The host of the adult tapeworm is a vertebiate ; 
the host of the immature stage — usually known 
as a bladderworm or cyst — may be a vertebrate 
or an invertebrate. The bladderworm becomes 
a tapewoim when an appropriate second host 
eats the first host. 

A typical tapeworm consists of (a) a small 
' head ' or scolex, with suckers and often with 
hooks, efl'ecting attachment to the gut of the 
host; (?)) a nai-row ' neck ' or growing area, from 
which joints are marked off' posteriorly; and (c) 
a chain of numerous joints or proglottides. The 
youngest joints show no repioductive organs, 
those farther back show the reproductive organs 
in full activity, those farthest back show little 
more than a branched uterus ci-owded with 
embryos. Tapeworms are all hermaphrodite 
and very prolific ; in many cases the ova are 
fertilized by spermatozoa from the same tape- 
worm. A ripe joint — separated from the chain 
by itself or along with others — is passed from 
the host ; it breaks up and liberates the embryos 
on the soil or in water ; some of these may be 
eaten by an appropriate host, M'ithin which they 
develop into bladderworms. Each bladderworm 
(proscolex, cyst, or hydatid) forms a 'head', 
which appears as a loud on the wall of the 
bladder, at first invaginated and eventually 
evaginated. Sometimes several millions of em- 
bryo emerge from one tapeworm. 

Some of the practically important tapeworms 
are the following: Tcenia solium, tapeworm in 
man, bladderworm in muscles of pig ; T. saqi- 
naia, tapeworm in man, bladderworm in muscles 
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of cattle ; T. canurns, tapeworm in dog, bladdei- 
worm (sturdy) in biain of slieep, and also in ox, 
horse, &c. ; T. echinococcus, tapeworm in dog and 
wolf, bladderworm in man, ruminants, &c.; T. 
serrata, tapeworm in dog, bladderworm in the 
rabbit, hare, and mouse; T. marginata, tape- 
worm in dog, bladderworm in ruminants, &c.; 
T. crassicoUis, tapeworm in the cat, bladder- 
worm in the mouse ; Botkriocephalus latus, tape- 
Worm in man, larva (solid, without a bladder) 




Pork Tapeworm [Tcenia suhum) showing head (a) and 
long flattened body, made of segments (proglottides) 

Head of Tcmiia solium (magnified), a, Bostellum. &, circle 
of booklets, c, suckers, d, booklet greatly magnified, e, 
CyHJcercufi celluloftce with head protruded. /, Cysticercus 
cellulosce witlr invaginated head. 



in pike, turbot, trout, &c. In many cases the 
host of the larva or cyst is still unknown, as in 
three tapeworms of sheep and three tapeworms 
of the grouse. 

Adult tapeworms are usually in the intestine 
of their host, but they sometimes occur in 
annexed organs such as liver and pancreas. 
They have considerable powers of movement, 
and may cause perforation of the wall of the 
intestine. It is said that many have a very 
limited length of life — about a year — the attach- 
ing 'head' often undergoing wear and tear. 
See Bladderworms, Cestodes, Measles. 

[j. A. T.] 

Tapioca.. See art. Cassava. 

Tar. — When wood is heated in a closed vessel 
— that is, in the absence of air needful for its 



combustion — the substances present in it under- 
go far-reaching chemical changes, and an exten- 
sive series of decompo.sition products is formed. 
A number of these are found in the semi-liquid 
mass known as tar; and similar, though by no 
means identical, products are found in the tar 
formed when coal is heated in the manufacture 
of coal gas. The very valuable antiseptic pio- 
perties of wood tar are chiefly due to the phenols 
it contains. The best-known phenol is the sub- 
stance commonly called carbolic acid, and the 
allied substances, cresols, guaiacol, &c., which 
accompany it in tar have similar pioperties. 
The value of tar, howevei', is due in large mea- 
sure to its physical characters as a viscid liquid 
not readily miscible with water. 

Tar has been lai'gely used for the autumn 
smearing of mountain sheep to protect them 
from the cold and damp of winter. For this 
purpose it is mixed with grease and applied 
to the skin between the parted wool. Whilst 
it forms an excellent protection from severe 
weather, and is also valuable as a destroyer of 
vermin, it has the disadvantage that it discolours 
the wool and thus reduces its value (see Sheep, 
Smearing of). Shepherds find tar an excellent 
application for footrot and similar troubles with 
sheep. It serves at once to hinder the growth 
of the infecting organisms, and by excluding air 
and damp to give an opportunity for natural 
recuperative processes. A solution of bluestone 
is often mixed with the tar, but is better applied 
previously. 

Tar is found very useful by fruit growers. 
Thus, to prevent the females of the Winter 
Moth from climbing up the trees a strip of 
brown paper some 6 in. wide, and long enough 
to go completely round the trunk, is first tied 
round the tree so as to leave no space between 
the paper and the bark, and then this strip is 
thoroughly covered with Stockholm tar, which 
forms a trap that the insects cannot escape. By 
the u.se of tar, the wounds in fruit trees that are 
caused in pruning thick branches can be pro- 
tected, and the entrance or germination of fungus 
spores can be prevented (see Apple — Parasitic 
Fungi). 

The principal use of tar, however, is for the 
preservation of timber. Both for wooden fenc- 
ing and for the rougher kind of wooden build- 
ings tar has gi-eat advantages, and it is specially 
valuable for coating wood that is exposed to con- 
stant wet, as, for example, the portion of posts 
that are buried in the ground. [c. M. L.] 

Tawny Owl. See art. Owls. 

Tea is the specially prepared leaves of the 
shrub Camellia Thea, Link, nat. ord. Tern- 
stroemiacese, a native very possibly of China, 
Cochin-China, and the mountains of the Assam- 
Burma frontiei'. The tea plant appears to be 
mentioned in the most ancient books of China ; 
one of the references to it denotes ' tea vege- 
table', and the Shans and Burmans to this day 
pickle the tea leaf and eat it as a flavouring 
vegetable. It is not, in fact, till the 4th cen- 
tury that we obtain mention of the beverage 
prepared from the leaves. But by the 8th cen- 
tury a.d. it would appear to have become so 
general in China that it was then subjected to 
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an imperial duty. The first mention of tea by 
a European writer occurs in Eamusio's edition 
of Marco Polo's work (published in 1545). The 
editor therein states that he had only then 
(three centuries after Polo's time) come to hear 
of tea from a Persian merchant. Bontius (in 
16.31), a Dutch physician resident in Batavia, 
published a beautiful engraving of the tea plant 
and gave details of the beverage. He was the 
first to mention that sugar had to be used along 
with tea. Moreover, he made known the fact 
that black and green teas were merely due to 
methods of preparation and not to dilferences 
of plant employed — a fact that Europe was two 
centuries in accepting. In 1660 tea drinking 
had become so general in England that it was 
taxed along with coffee, chocolate, &c., and sold 
at the cofl'ee houses. In 1664 the East India 
Company made a present of some tea to King 
Charles II, and by 1677 they had taken steps 
to secure a regular supply from China. At this 
time tea sold at £5 to i'lO a pound, and in 1689 
a direct duty was established of 5s. per pound 
on the imports. In 1722-44 the duty was fixed 
at 4s. From 1784-95 it had been gradually 
remitted until it fell to 12i per cent. Unfor- 
tunately, however, in 1795 the practice of rais- 
ing special money by taxing tea was again 
resorted to, so that in 1819 tea sustained a duty 
of 100 per cent, and in consequence the sales 
stood still at 21,000,000 lb. But by an Act 
of Parliament in 1833 the East India Com- 
pany's monopoly was abolished ; unrestricted 
sales thereby stimulated competition and lowered 
prices. At the same time the duty was once 
more reduced, and stood at Is. 6c?. to 3s. a pound 
according to quality. During 1909 the amount 
collected by the Crown on the tea which passed 
into home consumption was £5,907,300, or a 
rate of 2s. 7^d. per head of population. Run- 
ning parallel with these progressions to popular 
favour was the effort to establish tea cultiva- 
tion in India. 

Lord William Bentinck in 1834 took up this 
matter warmly, and dispatched first one and 
then another expedition to China, to study the 
methods of cultivation and manufacture of tea, 
and to secure good stock. About the same time 
the discovery was made of the existence of indi- 
genous tea in Assam ; and this rapidly became 
one of the most important aspects of India's 
success in tea planting, since the Indian plant 
was found superior to the Chinese for the greater 
part of the Indian area. By 1840 the industry 
had been so thoroughly established that the 
Government felt the time had arrived for them 
to withdraw from experimental cultivation. 
There has in consequence been organized in 
India an industry the value of which may be 
judged of from the following circumstances: 
Indian tea now occupies half a million acres of 
land, formerly waste and unproductive ; the 
industry gives lucrative employment to close 
on 550,000 persons ; the capital invested comes 
to well over £20,000,000; the annual average 
exports are now over 230,000,000 lb., valued 
at say £6,500,000 (in 1909 the production of 
India was 260,000,000 lb.); as an offshoot of 
that great Indian industry, cultivation of tea 



has been organized in Ceylon and other coun- 
tries ; and lastly, India and Ceylon now give to 
the United Kingdom a regular supply of a 
much purer and much cheaper tea than was 
formerly obtainable from China. 

But the Indian success may be said to have 
led to the reformation of the China industry, so 
that the methods of planting and manufactur- 
ing, perfected in India, and the machinery in- 
vented by the Indian planters, have now become 
universal throughout the tea industry of the 
world. The economies of large plantations, and 
the discovery of machinery that could do all 
and more than hand labour had formerly accom- 
plished, cheapened production and thus created 
increased demand. The freedom from adultera- 
tion and the admitted high quality enhanced 
the appreciation of the Indian article, and with 
a reputation for superiority thus established, 
came the downfall of the old Chinese traffic. 
This may be briefly exemplified. In 1859 China 
supplied Britain with 76,000,000 lb. of tea, 
and in 1880-1 with 175,000,000 lb. In 1864 
India commenced to export in sufficient quan- 
tity to justify separate recognition in official 
returns. In that year her exports came to 
2,800,000 lb. In 1875-6 the exports of Ceylon 
were 784 lb., while the Indian were 24,361,599 
lb. In 1900 the figures were : Ceylon, 149,265,000 
lb., valued at £3,582,000 ; and India, 176,387,000 
lb., valued at £6,118,000. By way of contrast 
it may now be stated that the total exports 
of China in 1900 were 184,533,000 lb., valued at 
£3,949,000 ; and of Japan, 61,028,000 lb., valued 
at£l,406,000. But the exports from India in 1906 
were236,731,6231b. ; from Ceylon, 170,527,146 lb.; 
and from China, 108,864,543 lb. black and green 
teas, and 79,506,133 lb. : brick teas and dust. 
Lastly, the production of India during 1908 
was 247,477,324 lb., and in 1909 something like 
260,000,000 lb. In recent yeais the expansion 
of the production of tea in Java has been one of 
the most striking features of the trade. In 1908 
this came to 34,165,000 lb., and in the following 
year to 35,721,000 lb. The proportion of that 
supply drawn by the United Kingdom in the 
former year was 19,699,000, and in the latter 
23,932,000 lb. Turning now to price : during 
the later years of the period indicated above, 
the price fell for Indian teas from 13'33c?. to 
8-320'. per lb. in 1900; for Ceylon, from n-63d. 
to O'ild. per lb.; for China, from 7'26rf. to 5 '140?. 
per lb.; and for Japan, from 7'17d. to 5'53rf. per 
lb. Thus while India has attained the position 
as leading country in supply, she has at the 
same time maintained a marked supremacy in 
price. But it must be admitted India and 
Ceylon owe their prosperous tea industries to 
the consumption in the mother country and her 
colonies. According to Messrs. M'Meekin & Co.'s 
report, Tea in 1909, the consumption to popula- 
tion within the United Kingdom was 6'30 lb.; 
and in that year India supplied 56^ per cent., 
Ceylon 33i per cent, Java 7 per cent, and 
China only 3 per cent of the demand. By way 
of contrast, it may be added that the con- 
sumption in the Colonies, expressed to head 
of population, is even higher than in the 
mother country ; while in Russia it was but 
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0'93 lb., in Germany 0'13 lb., and in France 
0-05 lb. 

The aim of the tea planter is a constant suc- 
cession of leaf-bearing shoots. But for success, 
both in quality of tea and permanency of plan- 
tation, it is essential that there should be a 
definite season when the plants can be at rest. 
The young leaves of each shoot (or flush as it is 
called) are alone used in tea manufacture, so 
that this branch of agriculture manifests con- 
ditions that prevail with almost no other in- 
dustry, more especially the cultivation of per- 
ennial bushes with the object of the maximum 
pi'oduction of leaf commensurate with health of 
stock. Flowering and fruiting are, of course, 
undesirable. Success has made tea planting one 
of the most technical of branches in agiiculture, 
and past failures have been largely due to the 
aversion to throw off ordinary experience and 
to embrace the departures that special know- 
ledge had established. 

Tea requires something between temperate 
and subtropical conditions and a well-distributed 
rainfall, though during the season of rest even 
frost is not objectionable. The entire absence 
of rain at any season is distinctly to be avoided. 
The best results are obtained under atmospheric 
conditions that lange in point of temperature 
from 75*^ to 85° F. Higher tempeiatures, un- 
less accompanied with rainfall or prepared for 
by protecting shade plants, are distinctly in- 
jurious. Below 70° F. slow flushing takes place, 
and the point may then be rapidly reached when 
even high prices will not compensate for low 
yield. As to rainfall, 60 in. have given good 
results, but the average amount in the better 
localities may be from 100 to 150 in. The 
chemical and physical nature of the soil is more 
important than the position of the land. Suit- 
able soils on the level are preferable to similar 
soils on the hillsides. But the soil must be 
well drained and of such a nature that it can 
be freely permeated by the roots. Hard and 
water-logged soils are alike unsuited. In other 
words, tea requires light, sandy, deep loams. 
Stiff claj's are to be avoided, and loose gravelly 
soils, in the absence of almost constant rains, 
will produce stunted growth. To attain a liberal 
supply of leaf, a copious and well-established 
root system is indispensable. But the produc- 
tion of good tea seems closely dependent on the 
proportion of organic matter and nitrogen in 
the soil. Excess of vegetable matter leads to 
large, coarse, and inferior grades of tea ; and 
scarcity, to not only small outturn, but diseased 
crops. It would almost seem as if flavour, if at 
all dependent on any special chemical property 
of the soil, turned on the amount of phosphoric 
acid and potash that may be present. On the 
other hand, more than a very small amount of 
lime — in India under 0'2 per cent — is fatal. 

The tea plant is universally raised fi-om seed. 
The attempt to produce stock on a sufficiently 
large scale, by cuttings and layerings, has been 
abandoned as hopeless. But it cannot be ac- 
cepted that all has been done that is possible in 
the direction of improvement. Seed gardens 
can hardly be said to do more than continue to 
produce stock of recognized merit. Seed-bear- 



ing plants are allowed to grow without being 
pruned. Flowering takes place in September 
(a second, but less valuable, in February to 
March), and the fruits come to maturity in 
about a year. But as they do not keep well, 
the seeds must be packed in carefully dried 
soil and transmitted with as little delay as pos- 
sible, and sown immediately on arrival. Sow- 
ing is made in nurseries, the seed being de- 
posited 4 to 6 in. apart and 1 in. below the 
surface, on specially prepared beds. The yield 
from 40 lb. of seed will be something like 
10,000 plants, or sufficient for- 2i to 3^ ac. of 
land. The plants sown in November or De- 
cember will be ready for transplanting into 
their final positions in May to June ; or they 
may be left till a year old, namely the ensuing 
November to December. The earlier period is 
that generally preferred. While the seedlings 
are being sown, the land should be well under 
preparation. Trees must be cut down and the 
stems and branches removed or burned on the 
spot; the land must be deep-hoed, and the de- 
sired condition of drainage established. The 
land should be then lined and cross-lined, the 
points of crossing being those where the plants 
are to be deposited. It is as a rule the wisest 
course to have the plants 4^ to 5 ft. apart each 
way. If planted on the square, that is to say 
the lines at right angles, 2722 plants will go to 
the acre. But nowadays it is customary to go 
in for 'triangular' planting, that is to say the 
rows are at an angle of 60 degrees to one an- 
other. In that case a distance of 5 ft. between 
the bushes gives a number of plants to the acre 
about equal to that obtained with 4^-ft. planting. 

Careful hoeing is needed from the very early 
days of the plantation, and systematically for all 
subsequent years. This is not only necessary 
to keep down the weeds, but to open the soil. 
In Assam, deep hoeing (8 in.) is done at the com- 
mencement of the dry weather. This prevents 
the surface caking ; and from four to six light 
hoeings (3 to 4 in.) are given throughout the 
growing season at intervals of six weeks. On 
old forest land, manuring may not be necessary 
for some years ; but sooner or later the restora- 
tion of the soil, so as to preserve its yielding 
capacity, becomes urgent. Cattle manure and 
the sweepings of the factory and its labour resi- 
dences are usually applied before the first hoeing 
of the season. In default of a sufficient supply 
of that so-called farmyard manure, oilcake has 
given the best results. In Ceylon, superphos- 
phates and basic slag have been used. Recently 
much advantage has been obtained by green 
manuring, especially the cultivation of the Indian 
bean Phaseolus Mungo and other wild or culti- 
vated plants of the pea family. 

Pruning in all the Indian plantations is an 
annual operation deemed of the utmost impor- 
tance, and which calls for special knowledge. 
It is usually carried out between December and 
March — the non-growing season. In other tea 
areas, as for example in Japan, pruning, if not 
actually neglected, is only spasmodically resorted 
to. After the seedlings have been in their per- 
manent positions for six months to one year 
they are cut down, in December to January, to 
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some 6 to 8 in. above the ground. In consequence, 
eacli plant throws out from three to four shoots, 
and these are allowed to grow for two years 
before being again interfered with. When three 
years old they are cut back to 14 to 18 in. After 
this, each year's pruning will be at a point 1 to 
2 in. above the previous (light pruning) until the 
yield begins to decline, when it again becomes 
necessary to prune back to from 12 to 15 in. above 
the ground (heavy pruning, as this is called). 
At a still later stage (but only after many 
years' cultivation), if the bushes are found to be 
once more giving a decreasing yield, a still more 
severe pruning may become necessary (collar 
pruning, as it is called), viz. down to the level of 
the ground. The age of the tea bush is accepted 
as from forty to sixty years. But the extent and 
necessity for pruning depends very largely on 
the invigorating or leaf-producing property of 
the environment. With plantations in high 
altitudes or in temperate countries, growth may 
be so slow as to render pruning only occasion- 
ally necessary. A high degree of pruning, such 
as that described, only prevails in the plains of 
Assam, Cachar, the Duars, &c., where the yield 
may be more than twice that of the hill planta- 
tions, for example, of Darjeeling and Kangra. 

when the tea has been pruned new shoots 
are formed, and after two or three months these 
are 9 in. long and contain at least six leaves. 
The bushes are then ' tipped ', as it is called ; 
that is to say, from all the shoots in the centre 
of the bush, the terminal bud and the stalk 
carrying one or two leaves below it, are re- 
moved. The shoots on the circumference may 
not be then ready for tipping, and should not 
be interfered with. Tipping is not done to get 
a first yield of leaf, but in order to secure a re- 
quired condition of flushing. Secondary shoots 
at once spring from two or three of the buds, in 
the axils of the leaves remaining on the shoots. 
It is a good plan to furnish the pluckers with 
a stick of a certain length, and to direct them 
to pluck no shoots shorter than the length of 
the stick from the ground upwards to the tips 
of the shoots. After three weeks the secondary 
shoots will be ready for plucking, and the top- 
most two leaves and the bud of each can now 
be removed, thus leaving very possibly but two 
leaves below. The expert pluoker does not pull 
off, but nips off (by the pressure of the thumb- 
nail against the forefinger), the tender tips of 
the shoots. This brings about another flushing, 
when again two leaves and the unopened bud 
are plucked off, leaving but one leaf below. 
This process of flushing and plucking is con- 
tinued throughout the season, as a rule from 
six to eight flushings being obtained, not count- 
ing the initial tipping. At first the flushings 
and pluckings coincide, but in time the amount 
of leaf produced is too great for this, and the 
bushes are then systematically plucked every 
seven to nine days, that is to say, each bush 
may be plucked from twenty to thirty times 
during the season. It will thus be seen how 
essential it is that the first shoots (above the 
pruning) should be allowed to grow till they 
possess at least four perfect leaves below the 
point of first tipping, since upon the buds left 



on these shoots depends the power of subse- 
quent flushing. Plucking commences in March, 
but July, August, September, and the first half 
of October are the months of greatest yield. 
Plucking ceases by the middle of December. 
The yield at each plucking, on healthy tea, may 
be 120 lb. of green leaf to the acre, giving about 
30 lb. of tea. The garden comes into bearing 
as follows : A small yield may be secured dur- 
ing the second year of growth ; by the third, 
150 lb. per acre can be obtained, and progres- 
sively till the sixth, when the garden should 
be in full bearing, and then yield from 400 to 
1000 lb. to the acre. 

Coarse-leaf plucking does not prevail in India. 
All tea is made from the two topmost leaves 
and the terminal bud of the young shoots. 
As soon as possible the leaf is carried to the 
withering - house, where it is spread out on 
trays, assorted within a cool place, and in such 
a way as to secure a rapid withering. In cold 
localities it is found necessary to force in heated 
air, but in warm districts fans, driven by 
steam, cause the ordinary air to move freely 
over the trays. When the leaf has become 
flaccid it is ready for the next operation, and is 
accordingly carried to the rolling machine, where 
it is rolled under pressure. This breaks the 
cells of the tissue and presses out the leaf juice. 
When the juice has been brought in contact 
with the air, the leaf is ready for the further 
stage, viz. fermentation. If it is intended to 
produce black tea this is essential ; but if green 
tea be required no fermentation is necessary, 
and in that case the leaf is usually subjected to 
a dry heat, sufficient to kill the germs of fer- 
mentation before being rolled. It is then rolled, 
and is at once fired and dried off before any 
fermentation has been set up. But with black 
tea there is no danger in protracted rolling, and, 
in fact, fermentation has usually commenced 
before the rolling has been finished. In conse- 
quence, the leaf changes colour to brown and 
assumes its characteristic smell. This is, in 
fact, the commencement of the fermentation, 
which in the manufacture of black tea must be 
continued for a period of from two to six hours 
after rolling has been finished. For this pur- 
pose the rolled leaf is spread out on tables or 
on a specially prepared floor, is covered over 
with damp cloths, and kept in the dark. It 
then turns almost black, and takes on the char- 
acteristic smell of made tea. At this stage it 
must be dried off as quickly as possible ; and 
for this further process special machinery has 
been invented, to take the place of the open 
pans formerly used by the Chinese. The rolled 
leaf, spread out on trays, is carried gradually 
into a hotter and hotter atmosphere, througli 
a chamber permeated by hot dry air, so that the 
wet leaf (whether green or black) goes in at one 
end, and comes out at the other as dry tea. It is 
then sifted, and thus graded into 'Orange Pekoe', 
'Pekoe', 'Souchong', 'Congou', 'Broken Leaf, 
or 'Dust'. These various grades depend on size ; 
the unopened buds and leaf tips fall mainly into 
the fine Orange Pekoe; hence high-priced teas are 
not the produce of special plants nor of skill in 
manufacture, so much as of the mesh in the sieve 
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that has separated them. From the sifters the 
tea passes direct into the boxes placed for its 
reception, and when the desired weight has 
been obtained the lead lining is at once soldered 
down, for it is a matter of the greatest impor- 
tance to prevent the leaf getting damp and thus 
setting up destructive fermentation (like that 
which converts wine into vinegar), and the 
soldering down retains in addition the aroma 
of the tea — an important result. 

The most signiiicant lesson of the story of 
the progression of tea, manufactured on the 
Indian method, may be said to be the victory 
of quality, purity, and cheapness, through ma- 
chinery and scientific agriculture, over anti- 
quated and obstructive methods of hand labour. 

[G. W.] 

Teak Wood is the timber furnished by the 
Teak tree {Tectona grandis), a large and lofty 
tree belonging to the nat. ord. Verbenacese, 
which grows sporadically in Southern India, 
Burma, Siam, and Java, but has its finest de- 
velopment in Burma. The largest log known 
to have been extracted measured 82| ft. long by 
10 ft. mean girth (Shweli forest, Burma). If 
protected against jungle fires, teak is of very 
rapid growth at first (70 ft. high and 12 to 15 in. 
girth at breast-height in 18 to 20 years), but 
takes from 150 to 160 years in moist forest up 
to 180 to 200 in dry forest to attain the mature 
dimension of 7 ft. girth measured at 6 ft. above 
ground. Teak wood is moderately hard, and 
strongly scented with an essential oil (preserva- 
tive of iron and steel, hence its special value in 
shipbuilding), dark-golden-yellow when freshly 
cut, but turning brown, then dark-brown, and 
finally almost black with age. The annual rings 
are marked with one or more lines of regularly- 
arranged pores, often set in a belt of loose tissue; 
but in the rest of the wood the pores are scat- 
tered, scanty, sometimes subdivided, and vari- 
able in size. The medullary rays are fairly broad 
and numerous, and give a handsome silver grain 
to boards cut radially. When thoroughly sea- 
soned its average weight is 45 to 50 lb. per 
cubic foot, while its coefficient of transverse 
strength varies from 600 to 800, and its mo- 
dulus of elasticity from 4000 to 5000. Felled 
green, teak hardly floats; hence trees marked 
for extraction are killed or ' girdled ' by cutting 
entirely through the narrow ring of white sap- 
wood and well into the brown heartwood, and 
leaving them to season on the stump before fell- 
ing and extracting them by floating down the 
rivers. Each tree gives on the average about 
1-|- log, and logs average about 60 to 70 cu. ft. 
Teak wood is the chief timber export from our 
Indian Empire, but it is also very largely used 
in India for house- and shipbuilding, bridges, 
furniture, &c., as the essential oil contained 
makes it very durable. Even with the introduc- 
tion and increase of iron shipbuilding, the de- 
mand for teak wood has been constantly rising, 
as also its cost per cubic foot. Timber of large 
size from the virgin forests is now becoming 
very scarce ; but in Burma careful measures 
are taken to prevent the teak forests from being 
overworked, and both in Burma and in Java the 
large plantations that have been continuously 

VOL. XI. 



made during the last forty years will in time 
provide ample supplies for future use. 

[j. N.] 
Tea.ts, Diseases of. — Small injuries, and 
comparatively mild diseases like cow pock, are 
of much more serious import than would appear 
to any but those having practical acquaintance 
with animals. No pimple or abrasion, no slight 
chap or wound however insignificant, should be 
neglected. Chaps and cracks are of common 
occurrence in winter, and are chiefly caused by 
leaving the teat cold and wet after the stimula- 
tion inevitable in stripping the cow. The calf, 
the lamb, and the pigling, with sharp and eaiiy 
developed nippers, bring about similar ills to 
their mothers; besides which the smaller animals 
and those with pendulous udders receive injuries 
from brambles and other wounding materials 
present in rough pastures. The specific erup- 
tions are referred to under Pustulation, but the 
general treatment for eruptive or other sores 
may be considered here. It is important that 
they should be sterilized with an antiseptic, and 
softened by an emollient which shall prove harm- 
less if accidentally introduced into the milk pail 
or conveyed to the stomach of the suckling. 
Such a lotion may be made by dissolving 1 oz. 
of boracic acid and 3 oz. of glycerine in 40 oz. 
of water, of which half can be poured into a 
wide-mouthed pickle bottle of 20-oz. capacity, 
and this taken to the cow or other large animal, 
at blood heat, and used as a bath. After a few 
minutes' immersion the teat should be drained 
but not dried, so that a glycerinated film forms 
a protective as well as softening agent. This 
method is recommended in a general sense for ap- 
plications to teats. Only severe wounds should 
be sutured or stitched together, as constriction 
is the chief danger when healed, and the longer 
process of filling up the space by granulation is 
less likely to result in stricture. The above 
bath will be suitable. Leaking teats are gene- 
rally caused by injury to the delicate sphincter 
muscle which guards the entrance. The forcing 
of milk by heavy -fisted men operating with 
dry hands upon heifers is a common cause; the 
more delicate handling of a maid with moistened 
fingers would not have had such a result. Over- 
stocking is another cause. The muscle sometimes 
recovers in a cow long dried off, but where the 
fibres are actually ruptured there is either the 
permanent partial paralysis which permits leak- 
age, or a constriction due to the cicatrix and 
necessitating the use of the syphon. A strong 
calf will often overcome a stubborn teat. So- 
called blind syphons, if carefully used, may 
serve to prevent leaking, and we have known 
thin rubber bands successfully employed, but 
they need to be carefully judged as to the degree 
of pressure, or mischief may be done. ' Peas ' ni' 
little bodies inside the channel of the teat ob- 
struct the flow of milk, and are dealt with by 
pushing aside by the syphon, or excision by 
twisting within the canal an instrument called 
a papillatome, which is very like an ordinary 
milk syphon with a cutting edge — a substitute 
the writer has found very useful. All that is 
needed is to file one side. The operator must 
boil or otherwise sterilize the instrument, and 
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grasp the teat •vrith one hand while getting the 
cutting edge into contact with the pea-like body. 
No outward application will influence these 
growths, which on examination outside are 
found to have had but a slender attachment 
in most oases. Warts are a frequent teat 
trouble. Those which come in great numbers 
and have the appearance of a black oat (or a 
white one on some cows) may be individually 
strangled, or removed by the slower process, 
namely, the daily application of salicylate col- 
lodion, [h. l.] 

Teazle, a biennial plant grown for its 
flower -heads, which are used in the manufac- 
ture of woollen cloth. See art. Dipsacus. 

Tedders and Tedding. See arts. Hat- 
making and Haymakino Machinery. 

Teeswater Cattle. See art. Shorthorn 
Cattle. 

Teeth, Defects and Diseases of.— 
Diseases and irregularities of the teeth of our 
domesticated animals have not perhaps received 
so much attention as they deserve, when it is 
remembered that defective mastication has far- 
reaching effects upon the health and comfort of 




Fig. 1.— Tooth-rasp 

the animals. Among the irregularities in teeth- 
ing may be mentioned delayed eruption of the 
teeth, or impediments to their appearance above 
the gums. As with infants, this trouble gives 
rise in calves, pigs, and dogs to febrile distur- 
bance and to fits, but colts are rarely observed 
to have trouble with their primary teeth. The 
milk teeth, as the primaries are often called, are 
not such frequent subjects of trouble as the per- 
manent ones, and the sucking period may be 
passed through successfully with such a serious 
defect as congenital absence of all the molars. 

Numerical excess or deficiency of teeth is an 
evil. Crowding and an irregular arrangement 
almost certainly go together. When there are 
too many incisors in the colt they will gene- 
rally be noticed, and the least desirable ones 
should be extracted, when it will be found that 
the others come into line without the denture 
or contrivances prescribed for children. These 
supernumerary teeth sometimes appear far back 
from the others in the palate, or placed outside 
the ordinary row, and interfering with the lips 
or cheeks and injuring the tongue. Numerical 
excess leads to retention of particles of food, 
which decompose and excite pain and irritation. 
Mastication is difficult, and digestion suffers. 
More or less dribbling of saliva and dropping 
of the food (quidding) is a prominent symptom 
of this and some other disorders of the teeth 
and tongue, and should at all times receive at- 
tention. Deficiency in the number of the teeth 
hinders grazing and mastication, and if the in- 
terdental spaces are abnormal there is also a ten- 
dency for the food particles to get fixed between 
them. Disparity of length is one of the com- 
monest troubles in horses, and is not infre- 



quently overlooked in aged cows. A molar 
tooth standing up above the level of its fellows 
precludes grinding, and prevents those lateral 
movements essential to thorough mastication. 
The marginal irregularities are easily reduced 
by the rasp, if undertaken early, but an offend- 
ing tooth standing up above the level must needs 
be cut with a special chisel and made to match 
its fellows. An overgrown tooth should not in 
ordinary circumstances be extracted, for reason 
which will be presently stated in connection 
with caries. It is the outer edge of the upper 
molars and the inner one of the lower that are 
disposed to grow ragged, because they miss the 
attrition which keeps the tables level. The 
good horsemaster will examine the teeth, par- 
ticularly the molars, at intervals throughout 
the animal's life. As age advances, the lateral 
movements are not so free, and marginal irregu- 
larities may be either cause or effect. Periodical 
rasping is of much value. In the case of young 
stock intended for food, we have chiefly to look 
for temporary molars caught between the per- 
manent ones and interfering with mastication, 
although frequently having no very strong at- 
tachment, or not 
enough to resist the 
action of a pair of 
pliers in the hands 
of a stockman. The 
front teeth (in- 
cisors) of horses and 
dogs are not infrequently broken by falls — an 
accident which rarely happens to ruminants or 
to pigs, owing to the different arrangement of 
the teeth, the thick lips, or projecting snout. 
The molars are occasionally fractured by foreign 
bodies, as nails and stones which have been 
accidentally taken with the food. Incisors are 
generally snapped off transversely or obliquely, 
but molars are apt to split downwards. The 
broken incisor need not necessarily decay or 
cause any lasting pain, but the grinder split 
down into the fang gives rise to toothache, as 
is quite evident by the animal's behaviour. 'The 
food enters the socket (alveolus), and sets up 
those inflammatory conditions and fetid breath 
which accompany overcrowding and abnormal 
interdental spaces. A tooth broken vertically 
should be extracted. A transverse fracture of 
an incisor may be treated by breaking it off 
close to the gum which will grow over it. Not 
only does food accumulate in a fractured molar, 
but the tooth decays and emits a particularly 
offensive odour. The changed colour is evi- 
dence of decay, the tooth being yellowish-black, 
and quite unlike a normal grinder. 

Caries. — Decayed teeth are not a common 
trouble. Actual caries as seen in the human 
subject is quite rare among stock. When met 
with in farm animals it is generally due to in- 
juries, and the chronic inflammation of the gums 
caused by lodgment of food or morbid conditions 
of the jawbone. The neck of the tooth is the 
commonest seat of decay, but it may commence 
from the fang or the crown. In the horse the 
fourth molar has been observed to be the most 
frequent subject of caries. The process of decay 
is usually slow, except where it commences at 
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the neck of the tooth. In the latter case it soon 
appears dead, and generally becomes loose. The 
decayed fang is apt to give rise to abscess in the 
jaw and outward swelling. Decay commencing 
from the side is what might be expected when 
the causes are remembered. If the crown is 
first or only affected, or the side is not decayed 
below the gum, we are afforded an opportunity 
of drilling out the necrosed material and filling 
up the space with a good amalgam or other hard 
stopping. Gutta percha has been successfully 
employed. The quantity of gold required pre- 
cludes its use. In horses and in ruminants the 
removal of a tooth is followed by growth of its 
opponent in the opposite jaw, and if not checked 
is liable to pierce the tissues (see Gleet, Nasal). 
The dental troubles of dogs call for some notice. 
Overcrowding in the miniature Pomeranian is 
sometimes to be seen in the exaggerated form 
of a complete double set of both incisors and 
molars. All puppies should have their teeth 
examined for supernumeraries, which are easily 
removed. Befoie maturity is reached, tartar 
begins to accumulate upon the tushes, and in 




Fig, 2.— Woll's Tooth (shown at A) 

Uidst dogs incrustations of this substance in- 
crease on all the teeth as years go on, until the 
gums aie pushed back, the salivary fluid enters 
the alveolar cavities, and a chronic periodontitis 
is established: the teeth are loose, the gums 
inflamed and painful, and the breath offensive. 
If scaled twice a year this may be prevented. 
Decayed or loose teeth should always be ex- 
tracted. Parrot mouth is explained in the 
Plate (fig. 4). It occurs in horses and dogs. It 
hinders a horse from grazing, although it will 
be remembered that he seizes his food with the 
lips; and the subjects of it are apt to fall away 
if turned out to grass. In the stable, horses 
with parrot mouth learn to lip and tongue their 
food into a position where the molars can deal 
with it, and, like the subjects of fractured jaw, 
acquire the art of sucking up soft food as pigs 
do. In bad cases the incisors of the lower jaw 
come in contact with the palate and inflict in- 
jury. The remedy is to file them down at re- 
curring intervals. Crib biting results in the 
wearing down of the incisors, more particulaily 
on the outer edge, but it does not produce any 
actual disease of the teeth. Wolves' teeth in 
horses aie the subject of some superstition, 
many persons believing that they lead to blind- 
ness and are a cause of shying. They are ves- 
tigial remains or imperfect reproductions of 
what was once the seventh molar in equines. 
When the two first molars are cut, between the 
second and third year, they are commonly pushed 
out. They have not proper fangs, and are easily 
extracted with ordinary pincers if the mouth 
is gagged or held open by another person. In 
case of accident to the tushes, the general re- 



commendation to extract the split tooth must 
be accepted with reserve. If loose it will be 
possible, but in the usual way these teeth have 
very long fangs with some little thickening 
about the middle, and a slight bend, while they 
are inserted into an alveolar cavity but thinly 
covered by bone. This anatomical arrangement 
makes it much easier to break the jaw than ex- 
tr-act the tush. In old dogs they eventually 
become loose. In the boar there is a modified 
twist within, comparable with that outside, and 
this makes it advisable to break off rather than 
attempt the extraction from a savage animal 
whose tushes have grown long. A smart blow 
with a hammer has the merit of effecting the 
purpose with less risk of fracture of the jaw 
than would accompany any attempt at extrac- 
tion, [h. l.] 

Telegony. — Breeders have long believed 
that offspring inherit traits from a previous 
mate of the dam. When this happens, it is 
said the offspring have ' thrown back ', owing to 
their dam having been ' infected ' by the former 
mate. For example, it is sometimes alleged 
that a Percheion foal out of a mare from which 
mules have been bred sometimes, in one or 
more points more closely resembles the previous 
ass siie than the actual Percheron sire. This 
throwing back to an unrelated previous mate 
of the dam is now known as telegony. Though 
it is extremely difficult to imagine how a mare 
or other female animal can be so modified that 
a previous mate may count almost as much as 
the actual sire, naturalists as well as breeders 
until a few years ago believed telegony to be 
well within the bounds of possibilities. Herbert 
Spencer said he had evidence ' enough to prove 
the fact of a previous sire asserting his influence 
on a subsequent progeny '. Darwin, Agassiz, 
Carpenter, and others were inclined to believe 
in the ' infection ' doctrine, and even Weismann 
admitted that the widespread belief 'may be 
justifiable and founded on fact'. Weismann, 
however, added that the tradition could only be 
confirmed and telegony proved by methodically 
conducted experiments. It is assumed that 
' infection ' is due to material from the foetus 
eventually reaching and modifying the germ 
cells of the dam, or to sperm cells of the first 
mate penetrating but not actually fertilizing 
unripe germ cells near the surface of the ovary. 
If, as some say, telegony occurs in birds, it must 
be due to the unused germ-plasm of the first 
mate being incorporated in the unripe ova. In 
addition to assuming that female mammals and 
birds are liable to be ' corrupted', some breeders 
assume that a male may be ' infected ' and be 
the means of transferring characters from one 
breed to another. Apparently no one has yet 
explained how a Jersey bull might acquire the 
peculiarities of the Galloway breed and subse- 
quently transfer them to members of his own 
breed. 

If there is such a thing as ' infection ', it 
follows; (1) that pure-bred females are liable to 
be ' corrupted ' when they produce offspring to 
males of a different race or breed; and (2) that 
cross-bred and inferior females, if first mated 
with a high-class sire, may subsequently pro- 
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duce superior offspring to inferior sires. Breeders 
of dogs have adhered more firmly to the 'infec- 
tion ' doctrine than have breeders of horses, 
sheep, or cattle. Some years ago almost every 
dog-breeder believed that he knew of several 
undoubted cases of ' infection ' ; but since Sir 
Everett Millais asserted that after nearly thirty 
years' experience (during which he made all 
sorts of experiments) he had never seen a case 
of telegony, fanciers have not been so certain 
that 'infection' is common; some even allege 
that there is no such thing as telegony. 

The writer made numerous experiments with 
dogs without obtaining any evidence in support 
of telegony, and he has heard of many unde- 
signed experiments which, though affording 
excellent opportunities for ' infection ', failed to 
support the belief in telegony. 

On the Continent and in America many 
believed that mares used for breeding mules 
were so saturated with the characteristics of 
the ass, that they were incapable of producing 
a pure foal to a stallion of their own breed. 
Darwin mentions ' that farmers in South Brazil 
. . . are convinced that mares which have once 
borne mules, when subsequently put to horses, 
are extremely liable to produce colts striped like 
a mule '. On the other hand, Baron de Parana 
of BrazU recently wrote : ' I have many rela- 
tives and friends who have large establishments 
for the rearing of mules, where they obtain 
from four hundred to a thousand mules in a 
year. In all these establishments, after two or 
three crossings of the mare and ass, the breeders 
cause the mare to be put to a horse, yet a pure- 
bred foal has never been produced resembling 
either an ass or a mule.' The writer failed to find 
any evidence in the West Indies or in Mexico 
that mares used for mule-breeding are liable to 
be ' corrupted '. 

Those who believe in the doctrine of ' infec- 
tion ' rest their case mainly on experiments 
made by Lord Morton during the early pai't of 
last century. A chestnut mare imported from 
India, after having a quagga hybrid, produced 
to a black Arabian horse a richly striped filly 
with (according to the stud groom) a short stiff 
upright mane. The writer has in his possession 
two Arab-pony crosses more richly striped than 
the filly out of Lord Morton's chestnut mare; 
hence the stripes on the filly cannot be regarded 
as evidence of ' infection '. 

As it happens, the evidence from the mane is 
also far from convincing, for in a drawing of 
the filly in question by Agasse, a very reliable 
animal painter, the mane is represented as lying 
to one side of the neck. Even an upright mane 
in the filly would not supply irrefragable proof 
I if 'infection', for in a bay Arab mare of the 
' Siwalik ' type bred by the writer the mane in 
spring is short and upright. Further, in a 
Welsh-Shetland pony and in a Faroe Island 
pony the mane is only long enough to arch to 
the side of the neck as in zebra hybrids. 

Some years ago the writer repeated as accu- 
rately as possible Lord Morton's experiment. 
Seventeen mares, after having hybrids by a 
Burchell zebra, produced twenty-three foals by 
Arab and other pony stallions. jSTot one of these 



foals afforded evidence of 'infection' by the 
richly striped hog-maned previous sire. Experi- 
ments with sheep and cattle, rabbits and mice, 
fowls and pigeons, like those with dogs and 
horses, entirely failed to prove that the first 
sire has any influence on offspring obtained by 
subsequent sires. Breeders may hence in future 
disregard the 'infection ' doctrine. [j. c. E.] 

Temperature. — Two bodies are said to 
be at the same temperature when, on bringing 
them into contact, no heat passes from one to 
the other. Ordinary observation is apt to give 
very false ideas of temperature in many cases. 
For instance, Lf an iron implement with a wooden 
handle is left out all night in cold weather, the 
iron part will seem much colder to the touch 
than the wood, because the hand will part with 
its heat more quickly to the good conductor, 
the iron, than to the poor conductor, the wood. 
Temperature has therefore to be determined by 
the properties of inanimate substances. Two 
standard temperatures in common use are that 
at which ice melts and that at which water boils 
under a standard barometric pressure. When 
a quantit}- of finely powdered ice is allowed to 
melt slowly with constant stirring, the ice itself 
and the water surrounchng it are in equilibrium 
as to temperature, so that this remains un- 
changed, the heat absorbed from the environ- 
ment being used up in melting the ice ; conse- 
quently a thermometer immersed in the mixture 
shows a steady constant temperature, which is 
reckoned as 32° on the Fahrenheit scale and 0^ 
on the Centigrade. When water is boiling in an 
open vessel with the barometer standing at the 
standard height, the water and the steam are 
at an identical temperature, which is reckoned 
as 212° on the Fahrenheit scale and 100° on the 
Centigrade. These two points are fixed, it will 
be seen, entirely by the properties of water, 
being the temperature at which solid water is 
in equilibrium with the liquid phase, and that 
at which the pressure of water vapour is equal 
to the standard pressure of the atmosphere. In 
the Centigrade scale this interval is divided 
into 100 equal parts or degrees, marked from 0^ 
to 100° ; whilst in the Fahrenheit thermometer 
the interval is divided into 180 degrees, which 
are numbered from 32,^ to 212°. It follows that 
0° C. = 32° F., and 100° C. = 212° F. Hence 
the lule : to convert Centigrade degrees into 

Fahrenheit, multiply by 1'8 or - and add 32. 

To convert Fahrenheit degrees into Centigrade, 

first subtract 32, then multiply by - or divide 

by I'S. A more convenient formula is based on 
the fact that - 40° C. is the same as - 40° F., 
therefore to any temperature above zero add 
40, then multiply by 9 and divide by 5 to con- 
vert degrees C. into degrees F., or multiply by 
5 and divide by 9 to convert degrees F. into 
degrees C, as the case may be, and finallv sub- 
tract 40. Thus, to convert 20° C. into Fahren- 
heit, 20 -I- 40 = 60, 60 X 9 = 540, 540 4- 5 = 
108, 108 — 40 = 68. The required answer is 
68° F. To convert 59° F. into Centigrade, 59 + 
40 = 99, 99 X 5 = 495, 495 -^ 9 = 55, 55 - 
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40 = 15. The Centigrade equivalent of 59° F. 
is 15° C. It is convenient to remember that 
10° C. = 50° F., 15° C. = 59° F., 20° C. = 68° F., 
30° C. = 68° F., 50° C. = 122° F. 

Absolute temperature is based on the pro- 
perties of gases, and assumes the existence of an 
absolute zero, which is about - 273° C, that is 
to say, 273 Centigrade degrees below the melt- 
ing-point of ice. The volume of a given mass 
of gas is proportional to its temperatuie on the 
absolute scale. [c. m. l.] 

Temperature in Animals. — In the 
lower animals (including Fishes, Amphibians, 
and Reptiles) the temperature of the body 
varies with the surroundings, being usually not 
more than a fraction of a degree above the 
external temperature. Such animals are known 
as poikilothermal or cold-blooded. On the other 
hand, in Birds and Mammals the body tempera- 
ture is to a large extent independent of the 
temperature of the surrounding medium. These 
are called homoithermal or warm-blooded ani- 
mals. Mammals which hibernate {e.g. the hedge- 
hog) are, however, an exception, since in these 
the body temperature sinks during the winter 
sleep, when they behave like poikilothermal 
animals. 

The mechanism by which in a warm-blooded 
animal the body temperature is kept almost con- 
stant resides in the skin and the bloodvessels 
and nerves which supply it. When the aii' or 
surrounding medium is warm, or when the heat 
pi-oduced in the body is increased by muscular 
exertion, the bloodvessels are dilated, the skin 
is flushed and hot, and a considerable amount 
of heat is diffused from the surface of the body. 
If, however, the surrounding medium is cold, 
the vessels of the skin contract and there is 
less heat given off from the body. On the other 
hand, if the external temperature is very con- 
siderable, or if there has been severe muscular 
exercise, another regulating mechanism is em- 
ployed, namely, the secretion of sweat or per- 
spiration. This fluid, which consists very largely 
of water, with a small amount of salts and 
organic matter (serum and fat), is secreted by 
little glands in the skin. These glands are sup- 
plied by nerves which are excited by a rise of 
temperature and so control the formation of 
sweat. As the sweat evaporates from the skin 
the temperature of the body is lowered. In 
these ways an approximately even temperature 
is maintained. But if the heat-regulating me- 
chanisms are disturbed, as occurs during fevers, 
the temperature may rise very considerably 
above the normal. A covering of hair or cloth- 
ing helps to keep the body warm, because it 
If'ssens the diffusion of heat from the surface. 
The temperature of the body is not absolutely 
unifoi'm, that of the skin being lower than the 
internal temperature. For clinical purposes the 
temperature should be taken either in the vagina 
or in the rectum. Both in Man and other warm- 
blooded animals there is usually a slight diurnal 
variation in the temperature, which is higher in 
the evening than in the morning. This varia- 
tion depends upon the daily change in the meta- 
bolism, which is lessened during rest but in- 
creased during activity, the oxidation of food 



and the performance of muscular work being 
the main sources of bodily heat. 

The average normal temperatures of Man 
and various domestic animals are approximately 
as follows; — 

Man 37° C. (98-4° F.) 

Horse 38-1° C. (100-6° F.) 

Cow 38-7° C. (101-8° F.) 

Sheep 39-95° C. (104° F.) 

Pig 39° C. (103-3° F.) 

Dog 38-4° G. (101-3° F.) 

Chick 42°C. (108°F.) 

Pigeon 42°C. (108°F.) 

[f. h. a. m.] 
Temporary Pastures. See art. Pas- 
tures. 

Tenancy, Determination of. — Eng- 
land. — Apart from surrender or merger of the 
lease, the usual modes in which a tenancy is 
determined are: (1) by efflux of time, or the 
happening of some event on which the duration 
of the lease is made conditional ; (2) by notice 
to quit ; (3) by forfeiture. 

1. Efflux of Time. — Where a lease is for a 
time certain, or until some specified event occurs, 
no notice to quit is necessary, except where an 
option is reserved to determine the lease at an 
earlier period on giving notice. In such cases 
the notice stipulated for must be given. 

2. Notice to Quit. — If the tenancy is from 
year to year, in the absence of special agree- 
ment, six months' notice must be given, unless 
some other term, longer or shorter, has been 
expressly stipulated for, in which case the stipu- 
lated notice must be given. But in the case of 
agricultural holdings it is provided by the 
Agricultural Holdings Act, 1908, that where a 
half-year's notice, expiring with a year of ten- 
ancy, is by law necessary and sufficient for the 
determination of a tenancy of a holding from 
year to year, a year's notice so expiring shall be 
necessary and sufficient for such determination, 
unless the landlord and tenant agree in vrriting 
that the Act shall not apply, in which case a 
half-year's notice shall be sufficient. The notice 
is usually, and ought always to be, in writing, 
though it has been held that, apart from express 
stipulation, this is not essential. It may be 
given by either landlord or tenant in his own 
name or through his authorized agent, provided 
the agent has sufficient authority to that effect 
when the notice is given. No special form is 
necessary, but the notice must extend to all the 
premises leased, and a notice extending to only 
a part is bad. This is, however, subject to the 
exception that, in the case of agricultural hold- 
ings, it is provided by the Agricultural Hold- 
ings Act, 1908, sect. 23, that, 'Where a notice 
to quit is given by the landlord of a holding to 
a tenant from year to year, with a view to the 
use of land for any of the following purposes : — 

(1) The erection of farm labourers' cottages or 
other houses with or without gardens ; 

(2) The provision of gardensfor farm labourers' 
cottages or other houses ; 

(3) The provision of allotments for labourers ; 

(4) The provision of small holdings as defined 
by the Small Holdings and Allotments Act, 
1907; 

(5) The planting of trees ; 
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(6) The opening or working of any coal, iron- 
stone, limestone, brick earth, or other rai- 
neral, or of a stone quarry, clay, sand, or 
gravel pit, or the construction of any works 
or buildings to be used in connection there- 
with ; 

(7) The making of a watercourse or reservoir ; 

(8) The making of any road, railway, tram- 
road, siding, canal, or basin, or any wharf, 
pier, or other work connected therewith; 

And the notice states that it is given with a 

view to any such use — 

it shall, by virtue of this Act, be no objection 

to the notice that it relates to part only of the 

holding.' 

The notice may be served on a Sunday, and 
need not be served personally. It is sufficient 
if it be sent by post, or delivered at the dwell- 
ing-house into the hands of a servant, whose 
duty it is to deliver it to the person for whom 
it is intended. It has even been held to be 
sufficient to leave the notice in a letter-box or 
push it under the door, but such methods of 
service are obviously not to be recommended. 
Personal service or by registered letter obviates 
all difficulties as to proof of due notice. 

3. Forfeiture. — A lease may be determined by 
entry or ejectment by the landlord on account of 
the tenant's breach of some covenant in the lease, 
or implied thereunder, but only if there be a 
condition in the lease providing for such re-entry. 
Thus the tenant's bankruptcy or failure to make 
due payment of the rent may be made the 
grounds of forfeiture. In the case of non-pay- 
ment of rent a formal demand for payment hj 
the landlord is a condition precedent, unless the 
lease, as is usual, provides for re-entry without 
the necessity for a formal demand. Moreover, 
if half a year's rent is in arrear, and no sufficient 
distress is to be found on the premises, a formal 
demand is rendered unnecessary by the provi- 
sions of the Common Law Procedure Act, 1852 
(15 & 16 Vic. c. 76, sect. 210). 

Death, or Destruction of the Premises. — A lease 
is not terminated by the death of either the 
landlord or tenant, the rights and obligations 
thereunder vesting in their respective personal 
representatives. 

Destruction of the premises does not of itself 
determine the tenancy. But in leases it is usual 
to stipulate that the destruction of the buildings 
by fire or other inevitable accident shall absolve 
the tenant from his obligation to pay rent. 

Holding Over. — Where a tenant, at the ter- 
mination of his lease, does not peaceably hand 
over the premises to the landlord, he becomes 
liable in payment of double the yearly value of 
the premises for the time during which he holds 
them over; though this is not necessarily equi- 
valent to double rent it is generally estimated 
as such. But, in order to incur this liability, 
(1) he must be holding over the premises wil- 
fully, i.e. without 'a fair and reasonable claim 
of title'; and (2) there must be a demand made 
and notice in writing given by the landlord 
for delivering the possession. A notice to quit 
previously given, if in writing, is a sufficient 
compliance with this condition. 

Scotland. — Apart from voluntary renuncia- 



tion of the contract, the usual modes in which 
a lease is terminated are: (1) by efflux of time, 
or by the occurrence of a brea,k in the lease in 
favour of either landlord or tenant or both, 
advantage of which is taken ; (2) by the occur- 
rence of an irritancy, statutory or conventional ; 
(3) by destruction of the premises. 

1. Efllu.x of Time, <&c. — The tenant is bound 
to remove from the premises at the period fixed 
for the termination of the tenancy in terms 
of the lease. This obligation is usually made 
an express term of the lease. If there is an 
express written obligation to this effect either 
contained in the lease or in some other docu- 
ment, and if the obligation is dated within the 
year of removal, no notice to quit is required. 
If, however, the obligation is dated beyond the 
j'ear of removal, or if there is no such obliga- 
tion contained in the lease, then notice to quit 
is in all cases necessary to enable the landlord 
to eject the tenant. Apart from stipulation, 
the shortest notice permissible is forty days 
before the term of removal. Usually, however, 
the period of notice is expressed in the lease, 
and if so the term mentioned must be adhered 
to. It is to be noted that where the intimation 
has to be given a certain number of days before 
the term of Whitsunday or Martinmas, the 
date from which the period is computed will be 
the 15th of May or the 11th of November as the 
case may be, since the pro\'isions of the Eemoval 
Terms (Scotland) Act, 1886, do not afi'ect the 
legal terms for the purpose of calculating tlie 
dates at which notice of removal requires to be 
given. Failing due notice having been given, 
a lease for a year or a longer period will be 
renewed by tacit relocation for one year, and 
thereafter from year to year until proper notice 
has been given by either party to the lease. A 
lease for a shorter period is prolonged for the 
like period, and so on from period to period till 
notice be given. In the case of agricultural 
holdings, it is provided by the Agricultural 
Holdings (Scotland) Act, 1908, sect. 18, as fol- 
lows : (1) Notwithstanding the expiration of the 
stipulated endurance of any lease, the tenancy 
shall not come to an end unless written notice 
has been given by either party to the other of 
his intention to bring the tenancy to an end — 

(a) in the case of leases for three years and 
upwards, not less than one year nor more than 
two years before the termination of the lease ; 
and 

(6) in the case of leases from year to year, or 
for any other period less than three years, not 
less than six months before the termination of 
the lease. 

(2) Failing such notice by either party, the 
lease shall be held to be renewed by tacit relo- 
cation for another year, and thereafter from 
year to year. 

It is believed that in the case of a lease 
renewed by tacit relocation the notice which 
will be requisite to bring it to a termination is 
six months. In the case of a break being stipu- 
lated for in the lease, it is invariably the case 
that notice of the intention to avail of the break 
is conditioned in the lease, and in such circum- 
stances the notice stipulated for must be given. 
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2. Irritancies. — An irritancy is the deter- 
mination of a lease on account of the breach of 
a condition inferring the right to bring the lease 
to an end, either by virtue of the common law 
or by reason of a special condition to that effect 
in the lease. Such irritancy may be either legal 
or conventional. 

(1) Legal Irritancies. — At common law an irri- 
tancy is incurred by the non-payment of rent 
for two successive years, and this irritancy has 
been made statutory by the Act of Sederunt of 
1756. But in the case of agricultural holdings 
the law is now regulated by the Agricultural 
Holdings (Scotland) Act, 1908, sect. 17, which 
provides as follows: — 

(n) When six months' rent of the holding is 
due and unpaid, it shall be lawful for the land- 
lord to raise an action of removing before the 
sheriff against the tenant, concluding for his 
removal from the holding at the term of Whit- 
sunday or Martinmas next ensuing after the 
action is brought; and, unless the arrears of rent 
then due are paid or caution is found to the 
satisfaction of the sheriff foi' the same, and for 
one year's rent further, the sheriff may decern 
the tenant to remove, and eject him at such 
term in the same manner as if the lease were 
determined, and the tenant had been legally 
warned to remove : 

{b) A tenant so removed shall have the rights 
of an outgoing tenant to which he would have 
been entitled if his lease had naturally expired 
at such term of Whitsunday or Martinmas. 

(2) Conventional Irritancies. — An irritant 
clause may be made a condition of the breach 
of almost any obligation in a lease provided it 
is inserted in the deed, but the most usual irri- 
tancies are those which apply either to non- 
payment of rent or to the bankruptcy or insol- 
vency of a tenant. In the case of non-payment 
of rent the object of inserting an express irri- 
tancy is to enable the landlord to eject his 
tenant at an earlier period than he could apart 
from agreement. But in the case of agricul- 
tural subjects, this object is to all intents and 
purposes attained by the clause above quoted, 
although a conventional irritancy may be of use 
in the case of other subjects. 

It is the usual practice in all leases to insert 
a clause entitling the landlord to resume posses- 
sion of the lands in the event of the bankruptcy 
or declared insolvency of the tenant. 

Purgation. — In the case of all legal irritancies, 
it is a rule of law that the party in breach is 
entitled to purge the irritancy by making pay- 
ment of the arrears due and finding caution for 
a portion of the rent to become due, provided 
this be done before extract of the decree. After 
extract has been taken, purgation comes too 
late. In the case of conventional irritancies, on 
the other hand, it is a settled rule of law that 
they cannot be purged, although the Court may 
step in to prevent the misuse of the power. 

3. Destruction of the Premises. — In the case of 
total destruction of the premises the lease comes 
to an end. Where the destruction is partial 
and the landlord offers to restore, it is a ques- 
tion depending upon the circumstances of each 
case whether the tenant is entitled to abandon 



the lease or bound to continue in the tenancy 
subject to an abatement of rent. See under 
Leases. 

Death. — The lease is not affected by the death 
of landlord or tenant, but in the case of agri- 
cultural subjects special provision is made for 
the bequest of the lease by the tenant. See 
under Agricultural Holdings Acts. 

Violent Profits. — Where a tenant who has 
been duly warned to quit the premises con- 
tinues in occupation of them without title after 
the expiry of the tenancy, he incurs liability to 
penal damages, known as violent profits. It is, 
however, a good defence to a claim for violent 
profits that the defender was possessing in good 
faith. In burghs, violent profits are, by custom, 
estimated as double the rent, but in other sub- 
jects as the highest profit which the landlord 
can prove he could have made either by pos- 
sessing the lands himself or by letting them to 
another tenant. [d. b.] 

Tenant. See arts. Lease; Agricultural 
Holdings Acts. 

Tenant Farmer. — For the purposes of 
cultivation the landlord lets out his land to 
farmers, who are called ' tenants', and the agree- 
ment which guarantees the exclusive possession 
of the farm or holding for a limited time is 
called a ' lease '. The consideration for which 
the lease is granted is called the 'rent'. The 
occupiers of land may be : (1) tenants for life, 
in which case they cannot be deprived of their 
farms so long as they live ; or (2) tenants on 
suffrance or tenants at will, in which case the 
landlord may resume possession of his farm at 
any time. But more generally tenancies are 
between these two extremes and are either : (3) 
from year to year, or (4) for a period of years, 
probably 15, 19, or 21. The lease for 15 to 21 
years — but commonly nowadays with provision 
for earlier termination, say at the end of 5 or 
10 years should either party wish it — is almost 
universal in Scotland and very general in the 
north of England, but the yearly tenancy is by 
far the most common form of land tenure in 
the majority of the counties in England. The 
advantages of leases of considerable duration 
must be obvious both to landlord and tenant, 
securing as they do, from the point of view 
of the former, that the places will be properly 
cultivated, and from the point of view of the 
tenant that he will have a reasonable chance 
to secure the fruits of his toil, and a return for 
his outlay. Many landlords, however, feel that 
by yearly tenancies they retain more fully the 
control of their own land, and tenants generally 
suppose that low rents accompany the shorter 
and more uncertain agreements. As a general 
rule, however, it may be said that short leases 
do not tend to encourage good farming, and 
there is often only too little inducement for an 
outsider to covet possession of such holdings, 
and hence the occupants are left undisturbed. 

In England and Scotland there is no ' fixity 
of tenure ' of farms, that is, the landlord has 
the undisputed right to bring the tenant's oc- 
cupation of a farm to an end when his lease 
expires. In Ireland, fixity of tenure was secured 
to tenants by Land Acts passed in the later 
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years of the past century. The Agricultural 
Holdings Act of 1908 (England and Scotland), 
however, has provided for compensation for dis- 
turbance under certain conditions and reserva- 
tions in the event of a landlord terminating 
a tenancy where the tenant wished to remain 
in possession (see art. Agricultural Holdings 
Acts). But some of the expressions in the Act 
— and especially this: 'Where the landlord of 
a holding, without good and sufficient cause, 
and for reasons inconsistent with good estate 
management, terminates the tenancy' — seem 
capable of very different interpretations, and an 
authoritative decision by a Supreme Court will 
sooner or later have to be got, to show whether 
the whole clause which provides for compen- 
sation for disturbance is more than an illusion. 
As regards the improvements a tenant may 
have made on his holding during the currency 
of his lease — however short — he has compen- 
sation fully secured for him. Of this compen- 
sation the tenant cannot deprive himself by 
' contracting out ', and the measure of all such 
compensation is to be such a ' sum as fairly 
represents the value of the improvements to 
an incoming tenant '. [w. B.] 

Tenant Right. — In its broadest sense the 
term ' tenant right' means the right of a tenant 
to the usufruct of the subject of the tenancy 
under various conditions, the chief of which is 
the payment of rent, which in ancient times, in 
relation to land, consisted of service, a portion 
of the produce, or money. It is obvious, how- 
ever, that the complete usufruct of land in- 
volves much more than the mere taking of its 
annual produce; for some degree of security of 
tenure and a right to the tenant to dispose of 
or be paid for the fruits of his enterprise and 
labour not realized at the termination of his 
tenancy are also necessary. 

The earliest example of legalized tenant right 
of which there is any historical record is to be 
found in the emphyteusis of the ancient Boman 
Empire, and it is curious to notice that this 
tenure embodied the most perfect as well as the 
earliest example. In his Introduction to Roman 
Law (Maxwell & Son, London, 1880) the late Pro- 
fessor Hunter defines emphyteusis as 'a grant 
of land for ever, or for a long period, on the 
condition that an annual rent {ca7ion) shall be 
paid to the grantor and his successors, and that, 
if the rent be not paid, the grant shall be for- 
feited'. The same writer expresses the opinion 
that this tenure may be traced to the long or 
perpetual leases of land taken in war granted 
by the Roman State, and that it speedily re- 
commended itself to corporations, ecclesiastical 
and municipal, as a convenient method of re- 
lieving themselves of the management of their 
landed estates, and later on to individual pro- 
prietors. Maine, in his Ancient Law, ascribes 
the initiation of the tenure to the Roman muni- 
cipalities, and subsequently traces another sys- 
tem of tenant right to a further development 
of the transformation of servility into freedom. 
He states that the first mention in Roman his- 
tory of estates larger than could be farmed by 
a paterfamilias, with his household of sons and 
slaves, occurs when we come to the holdings of 



the Roman patricians. ' These great proprietors', 
he adds, 'appear to have had no idea of any 
system of farming by free tenants. Their lati- 
fandia seems to have been universally cultivated 
by slave gangs under bailiffs, who were them- 
selves slaves or freedmen.' But this system was 
especially disadvantageous to municipalities, and, 
accordingly, it is recorded that these corpora- 
tions began the system of leasing land for a 
perpetuity to a free tenant at a fixed rent under 
certain conditions. Later on, the system, as has 
been stated, was adopted extensively by private 
landowners, and, in course of time, the tenant, 
whose relation to the owner had originally been 
determined by his contract, was recognized by 
the PriBtor as having acquired a qualified pro- 
prietorship. The ownership of the grantor of 
the lease, however, was kept alive by a power 
of re-entry on non-payment of rent, a right of 
pre-emption in case of the sale of the tenancy, 
and a certain control over the methods of cul- 
tivation. Subject to these rights, the tenant 
enjoyed fixity of tenure at a fixed rent, and the 
power of free sale. The landlord was obliged 
to accept any purchaser of the tenant right 
as a tenant, unless he chose to exercise his 
privilege of purchasing it at the price offered. 
An alternative transformation of servile tenure 
to freedom is referred to by Maine as having 
laid the foundation of the M6tayage system 
of tenancy which still prevails extensively in 
southern Europe. 

It would have been a fortunate thing for this 
country if the Roman example had been fol- 
lowed when feudal servitude in relation to land 
was transformed into commercial freedom. The 
only parallel to the Roman emphyteusis adopted 
in Great Britain during the period of trans- 
formation consisted in the adoption of the copy- 
hold system, which embodied many forms of 
injustice and some abominations too shameful 
to mention for generations after its initiation. 
As to the early farm leases, it was found neces- 
sary in the reign of Henry VIII to pass an Act 
(32 Henry VIII, ch. 28) to prevent the eviction 
of holders of leases for years, or even for lives, 
on the deaths of the lessors, which had become 
a crying abuse. This statute for the first time 
made leases good in law against the lessors, 
their wives, heirs, and successors. 

Instead of encouraging tenants to improve 
their farms, by giving them security, the land- 
lords for generations after farm leases became 
common succeeded in getting laws passed to 
reduce such security ; and even up to the pre- 
sent time the maxim, Quicquid plantatur solo, 
solo cedit, established by the Statute of Glou- 
cester (6 Edw. I), has not been annulled to any 
considerable extent, except in relation to trade 
fixtures, including commercial hothouses, and 
trees and bushes in market gardens and allot- 
ments. At one time, indeed, an agricultural 
tenant was actually prohibited from erecting 
or improving buildings necessary for farming 
to full advantage, operations absurdly included 
under the term 'waste' in legal documents. 
A later example of the shortsighted policy of 
landlords while they held the supreme power of 
making or suggesting the laws of the country, 
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is afforded by an Act passed in the reign of 
William and Mary, empowering a landlord to 
sell goods distrained for rent, whicli he had 
previously been entitled only to hold in order 
to compel personal services. This, however, ap- 
plied only to a lease in the covenants of which 
the tenant had assented to such a proceeding; 
and it remained for an Act passed in the reign 
of George II to extend this power to all ten- 
ancies, thus encouraging the letting of land 
to tenants-at-will or yearly tenants, who there- 
after were greatly increased in number. 

There appears to be no definite evidence as to 
the period in which farm covenants or the cus- 
tom of the country first secured to an outgoing 
tenant a claim to obtain from his successor 
payment for crops left unmatured, manure not 
applied to the land, fallows, and stacks of hay. 

As to the form of tenant right now commonly 
referred to as compensation for unexhausted 
improvements, nothing of the kind was estab- 
lished by law in this country before the 19th 
century, although it was suggested two cen- 
turies earlier. Probably the first public advo- 
cacy of such a right was that embodied by 
Walter Blith, one of the best known of the few 
English writers on agriculture who lived before 
the end of the 17th century (see art. Blith, 
Walter), in the dedication of the second edi- 
tion of his English Improver Improved, the 
first edition of which was published in the 
first year of the Commonwealth. In the dedi- 
cation, which was to ' The Eight Honorable 
the Lord Generall Cromwell, and the Eight 
Honorable Lord President, and the rest of 
that most Honorable Society of the Council of 
State ', Blith asked for the removal of certain 
'prejudices', which he described as hindrances 
to agricultural advancement. His presentation 
of the subject shows so sagacious an apprecia- 
tion of the need and value of tenant right that 
it is well worth quoting verbatim, as follows: 
'The first Prejudice is that if a Tenant be at 
never so great paines or cost for the improve- 
ment of his Land, he doth thereby but occasion 
a greater Rack upon himself, or else invests his 
Land -Lord into his cost and labour gratis, or 
at best lies at his Land-Lords mercy for re- 
quital!, which occasions a great neglect of all 
good Husbandry, to his own, the Land, the 
Land-Lord, and the Commonwealths suffering. 
Now this I humbly conceive may be removed 
if there were a law enacted, by which every 
Land-Lord should be obliged either to give him 
reasonable allowance for his clear improvements, 
or else suffer him or his to enjoy it so much 
longer as till he hath had a proportionable 
requitall. As in Flanders and elsewhere, in 
hiring leases upon improvement, if the Farmer 
improve it to such a rate above the present 
value, the Land-Lord gives either so many years 
purchase for it, or allows him a part of it, or 
confirms more time ; of which the Tenant being 
secured, he would Act Ingenuity with violence 
as upon his own, and draw forth the Earth to 
yeeld her utmost fruitfuUness, which once being 
wrought into perfection will easily be main- 
tained and kept up at the height of fruitfuUness, 
which will be the Commonwealths great advan- 



tage. Some Tenants have Advanced Land from 
Twenty to Forty pounds per an. and depending 
upon the Land -Lords have been wip't of all, 
and many Farmers by this uncertainty have 
been impoverished and left under great dis- 
grace, which might as well have been advanced.' 

Nothing came of this quaint and eloquent 
plea ; and although later agricultural writers 
than Blith frequently lamented the hindrance 
to land improvement due to the lack of security 
for a tenant's outlay, and complained of the 
gross injustice commonly done to those who ven- 
tured to improve their farms without such secu- 
rity, no organized effort to obtain legislation on 
the subject occurred before the 19th century had 
well advanced. In the meantime tenant-right 
customs came into existence in some parts of 
England and Ireland, the most important of 
which was the Ulster Custom, which gave to 
the tenants of that province the rights of fixity 
of tenure, free sale, and fair rents under limita- 
tions imposed by estate rules. This Ulster Cus- 
tom, by the way, was at once a survival and 
a development of ancient tenure generally de- 
veloped in Ireland, and closely allied to the 
early copyhold system of England, but extin- 
guished as a rule in other provinces by tyran- 
nical encroachments by landlords, warfare, and 
penal laws. In Lincolnshire and a few other 
English counties, customs of granting compen- 
sation to quitting tenants for unexhausted im- 
provements came into use during the first half 
of the past century. The earliest date at which 
the Lincolnshire Custom was mentioned by any 
witness before a Parliamentary Committee (to 
be referred to presently) as having been in 
operation was 'very soon after 1826', in refer- 
ence to North Lincolnshire only, and the testi- 
mony of agricultural writers up to 1842 indi- 
cates that the custom had not become general 
in the county by that time. 

The first 'Tenant Eight Bill brought forward 
in Parliament was one for Ireland, inti-oduced 
in the House of Commons by Mr. Sharman 
Crawford in 1835. Although it was rejected, 
it called attention to its subject. It was fol- 
lowed in 1841 by the first measure of the kind 
for England, introduced in the House of Lords 
by Lord Portman. It was a very short Bill, 
giving tenants a claim to compensation for un- 
exhausted improvements made by them after 
giving notice to their landlords, unless the latter 
formally objected. It was discussed by the Peers, 
but did not come on for second reading in the 
year named. In 1843 it was again brought 
forward in a somewhat enlarged form, its con- 
sideration being again deferred. In 1844 it 
was read a second time in the House of Lords, 
and referred to a Select Committee, which, how- 
ever, was not appointed, it having been decided 
that the subject should first be discussed in the 
other House. It was not till 1847, however, 
that Mr. Pusey, after consultation with Lord 
Portman and others, introduced a Bill backed 
by Mr. (afterwards Sir Thomas) Acland, giving 
to tenants an indefeasible right to compensation 
for their improvements, without detriment to 
the just interests of landlords. This measure 
was read a second time and referred to a Select 
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Committee, appointed in 1848, with Mr. Pusey 
as chairman, to take evidence upon the agri- 
cultural customs of England and Wales in re- 
lation to tenant right. A large number of wit- 
nesses from different counties were examined, 
and a great preponderance of the evidence was 
in favour, not only of legislation, but also of 
a compulsory law to secure to tenants the value 
of their improvements. Still, the Committee re- 
ported in favour of only permissive legislation, 
and Mr. Pusey's Bill was made permissive. In 
that useless form it was passed by the Commons, 
only to be rejected by the Lords; but the pass- 
ing of a measure known as the Emblements Act, 
giving to tenants the right of removing build- 
ings and fi.xtures erected with the consent of 
their landlords, has been attributed to the in- 
fluence of Mr. Pusey's Committee. More im- 
portant was the arousing of public interest in 
the subject, which thereafter became a topic 
for discussion by farmers' associations and in 
the Press. 

In 1850 the Irish Tenant League was estab- 
lished, with the object of legalizing the Ulster 
Custom and extending it all over Ireland. But 
no argument or agitations on this subject af- 
fected the legislators of that time, as is shown by 
the actually retrograde character of the Land- 
lord and Tenant (Ireland) Act of 1860, which, 
for one thing, made contract supreme, and at- 
tempted to annul considerations of tenure, al- 
though the report of the Devon Commission of 
1844 had insisted upon the need of justly de- 
fining and regulating the respective claims of 
landlord and tenants to property in the soil. 
The Act was inoperative, except so far as it 
repealed certain barbarous laws of the past. 

In 1870 was passed the Irish Land Act of that 
date, which led the way to a complete revolu- 
tion in the land tenure of Ireland. It legalized 
the Ulster Custom and any similar custom proved 
to be in existence outside Ulster, and provided 
for compensation for disturbance of tenancy and 
tenants' improvements, as well as for the pur- 
chase by tenants of their holdings, while other- 
wise mitigating some of the abuses of the land 
system in Ireland. But it was faulty and de- 
fective in many respects, and the need of further 
legislation soon became apparent. 

In consequence of the eviction from their 
farms, under circumstances of great injustice, 
of Mr. George Hope of Penton Barns and Mr. 
Saddler of Ferrygate, Mr. James Howard, in 
1872, gave notice of calling the attention of the 
House of Commons to the insecurity of tenant- 
farmers' capital and the public disadvantage 
thereby occasioned. As the press of public 
business prevented Mr. Howard from bringing 
forward his motion, he took the advice of Mr. 
G. S. Read, and gave notice that he would intro- 
duce a Bill to amend the Law of Landlord and 
Tenant in England. In conjunction with Mr. 
Read he prepared the Landlord and Tenant Bill 
which he introduced in 1873. It was an excel- 
lent measure, compulsory in principle, and it 
secured the support of some important agricul- 
tural associations, as well as a great many Mem- 
bers of Parliament. But Mr. Howard was ill 
when the date for its second reading arrived, 



and the Bill was dropped. If he and Mr. Read 
had agreed to omit the compulsory clause from 
it, there would not have been any difficulty in 
getting it through the House of Commons; but 
to this they unhesitatingly refused to consent. 
That they were right was proved when the Duke 
of Richmond's permissive Agricultural Holdings 
Bill of 1875, 'a homily to landlords' as it was 
properly called, had become law, as evidence 
showed that it was almost entirely inoperative. 

The Farmers' Alliance, founded in 1879, gave 
a great impetus to the tenant-light agitation, 
and published the draft of a Land Bill of a more 
advanced character than any measui'e yet passed 
for England or Scotland, though some of its 
provisions have since been embodied in Acts 
of Parliament. It provided for free sale of 
improvements, with a sufficiency of fixity of 
tenure to prevent the confiscation of purchased 
improvements by means of an advanced rent, 
and gave freedom of cultivation and sale of pro- 
duce, besides arranging for the payment of tithe 
compulsorily by landlords, and the division of 
rates between landlord and tenant in England, 
as in force in Scotland. 

In 1881 the Land Law (Ireland) Act was 
passed, securing to tenants fixity of tenure, free 
sale, and rents valued by a land court, and ex- 
tending the provisions of the Act of 1870 for 
enabling tenants to purchase their holdings. 
This measure resulted in a great reduction of 
rents; but in some respects its operation was 
marred by complications and compromising pro- 
visions. Further legislation, apart from the 
Arrears of Rent Act of 1882 and the Redemp- 
tion of Rent Act of 1891, was mainly in the 
direction of land purchase, provided for in the 
Acts of 1885, 1887, 1888, 1889, 1891, 1896, 1901, 
and 1903. Under this legislation a tenant is 
enabled to acquire the fee simple of his holding 
by payment of an annual svim less than his rent 
for a specified number of years. 

It was not till eight years after the abortive 
Agricultural Holdings (England) Act had passed 
that the semi - compulsory Act of 1883 was 
brought forward. It was only semi-compulsory, 
because agreements providing for ' fair and 
reasonable compensation ' were allowed to be 
substituted for compensation under the Act. 
As the measure was framed, this alternative 
proved advantageous, for numbers of tenants 
were able to make terras with their landlords 
more satisfactory than the results of the settle- 
ment of claims and counterclaims by arbitrators. 
Moreover, apart from draining, for which only 
notice was required, it was only temporary im- 
provements which could be carried out without 
the landlord's consent. The Act mitigated tlie 
harshness of the Law of Distress, and impioved 
tenants' rights as to fixtures. But it did no- 
thing towards securing freedom of cultivation 
and sale of produce. Besides, like all tenant- 
right measures for Great Britain carried up to 
the present time, the Act provided for com- 
pensation for improvements only by means of 
arbitration, which will never give satisfactory 
results. In the great majority of cases tried 
under this and subsequent Acts the tenant has 
put in a claim, and his landlord a counterclaim, 
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and the arbitration has resulted in the allowance 
of a portion of each, with small advantage to 
either party after the payment of expenses. 

In 1890 a short Act was passed to prevent 
gross injustice perpetrated in a few instances 
by mortgagees taking possession of farms, and 
repudiating the landlords' liabilities for improve- 
ments. A special Act to protect the improve- 
ments of market gardeners was carried in 1895. 
A great part of its intended benefit was annulled 
by a legal judgment; but this was rectified by 
a short amending Act. 

The great merit of the Agricultural Holdings 
Act of 1900 was the abolition of penal rents for 
breaches or non-fulfilment of covenants, except- 
ing those relating to breaking -up permanent 
pasture, grubbing underwoods, felling, cutting, 
lopping, or injuring trees, or regulating the 
burning of heather. These exceptions, which 
ought equally with other breaches of covenants 
to have been left to be settled by arbitration, 
detracted from the benefit of the Act. This 
measure, like the Act of 1883, contained the 
absurd stipulation that in estimating the value 
of a tenant's improvements, no account should 
be taken of ' what is justly due to the inherent 
capabilities of the soil '. These capabilities are 
precisely what the tenant pays for in rent, and 
it is their development which constitutes his 
improvements, so far as the soil is concerned. 
The proviso, however, has not affected allow- 
ances for improvements, simply because these 
have always been based upon expenditure, in- 
stead of upon the declared principle of the Acts, 
which is value to an incoming tenant. 

The Agricultural Holdings Act of 1906 is no- 
table for giving to the tenant a claim to damage 
done to his crops by game which he has not 
a right to kill, for definitely securing to him 
freedom of cropping and sale of produce, for 
providing for compensation for unreasonable 
disturbance, for dispensing with the landlord's 
consent to the execution of certain permanent 
improvements, and for giving a right to land- 
lord or tenant to insist at the commencement 
of a tenancy upon a record of the condition of 
the farm and all that is upon it and its state of 
cultivation. This record would be a means of 
facilitating claims for accumulated fertility, now 
generally disallowed by arbitrators. 

The whole of the Agricultural Holdings Acts 
and the Market Gardeners Acts for England 
and Scotland respectively were consolidated in 
Acts passed in 1908. In spite of the amend- 
ments of the earlier Acts embodied in the more 
recent measures, they cannot be regarded as 
settling the tenant-right question. Nothing 
short of the right of a tenant to sell his tenancy 
in the open market, with pre-emption to the 
landlord, will do that. Such a right would 
need to be safeguarded by provisions as to 
reasonable permanence of tenure and the pre- 
vention of the confiscation of the purchase price 
in a rise of rent. This is objected to as ' dual 
ownership'; but where the properties of two 
persons are inextricably mixed in the soil, there 
must be dual ownership or confiscation. Such 
abuses of the system as have prevailed in Ire- 
land could be prevented by well-considered pro- 



visions. The system, which has worked well in 
the Evesham district under voluntary arrange- 
ments, is the only one which allows perfect 
liberty to the tenant to improve his farm to 
the utmost profitable extent without injustice 
or hardship to his landlord. The former, as he 
should, would take all risks of the results of his 
enterprise being unprofitable, and he would then 
be entitled to the full advantages of successful 
ventures. See also arts. Land, Land Tenure, 
Irish Land Acts, and Agricultural Holdings 
Acts. [w. e. b.] 

Tendons, Diseases of and Injuries 
to. — The diseases of tendons are chiefly those 
caused by overstrain or extension, tendons being 
in themselves inelastic, and any undue elon- 
gation by force resulting in the rupture of some 
of their fibres. Their attachments to bone may 
be torn away, and themselves put out of action 
by having no hold. Friction and injury to ten- 
dons occurs from adventitious growths, as when 
splints form in a backward direction upon the 
cannon bones and present rough surfaces against 
which they must come in contact in their natural 
play. They become infiltrated by inflammation 
occurring in the tissues surrounding them, and 
undergo some degree of softening, but on the 
whole are remarkably resistant to communi- 
cated disease, unless it takes the character of in- 
flammation of a joint or ossific deposits. When 
chronic navicular disease exists, the insertion 
of the tendon into the bone is often found de- 
generate. Thorns and other sharp bodies enter 
the substance of a tendon and cause swelling 
and inflammation, and it is often difficult to 
find them. Contraction of the tendons is the 
cause of bent front legs, and inability to place 
the heels of hind feet upon the ground. An 
operation known as tenotomy, by which ten- 
dons are divided, is sometimes performed; but 
having regard to the long time occupied in re- 
pair and the indifferent material substituted, it 
is of doubtful value, and the difficulty is com- 
monly met by special shoes which enable the 
animal to work for a length of time without 
pain, and perhaps without further contraction 
(see Tenotomy). [h. l.] 

Tenebrio molitor, Linn, (the Meal-worm 
Beetle), generates in flour, bran, and meal-bins. 




Tenebrio molitor 



1, Adult beetle (natural size); 2, beetle flyiug (magnified); 
3, larva; 4, pupa. 

and is consequently found in granaries, mills, 
and farmhouses. 'The beetles appear in April, 
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May, and June. They are smooth, slightly de- 
pressed, and of a pitchy or chestnut colour ; head 
somewhat orbicular, with two small eyes, and 
short, slender, eleven - jointed antenna; ; elytra 
elliptical, with sixteen shallow furrows, and be- 
neath them ample wings, which are smoky on 
the costa; legs stout; tarsus five-jointed, hindei' 
pair with only four joints. The meal-worm is 
cylindrical, smooth, ochreous, with bright, rusty 
bands, and a few scattered hairs ; two small 
horns, six pectoral legs, and two minute spines 
at the tail. It much resembles a large and rather 
flat wireworm. The pupa is pale-ochreous, with 
the members visible, and two spines at the tail. 
Cleanliness is the best preventive. The meal- 
worm is a favourite food of nightingales. 

[j. c] [c. w.] 

Tenebroides mauritanica (the Ca- 
delle). — This imported insect is sometimes found 
in granaries and malt-houses in England, but 
it requires a more southern climate to render 
it abundant. The larvse feed on stored corn, 
bread, almonds, rotten floors, and dead trees. 
They live in this state a year and a half, and 
when full-grown are sometimes nearly | in. long. 
They are flattened, fleshy, rough, with scattered 
hairs, and whitish, tapering towards the head, 
formed of twelve distinct segments besides the 
head, which is horny and black ; the tail is 
horny, with two hooks. They pupate in the 
eartli or amongst any refuse at hand; and the 
beetle which hatches from them is the T. mauri- 
tanicus of Linnteus, and the T. caraboides of 
Fabricius. It is depressed, shining, and of a 
pitchy or deep-chestnut colour, and regularly 
punctured ; the head is large, with strong jaws, 
two small eyes, and two short clubbed antennse; 
elytra large, elliptical, with eighteen delicately 
punctured lines. The tarsi are four-jointed. 
The beetles are longlived, and are said to be 
carnivorous, destroying the corn moths, &c. 

[j. c] [c. w.] 

Tenotomy. — The division of a tendon, as 
a remedy for the deformity resulting from its 
contraction, is called tenotomy, and is practised 
in cases where the heel cannot be put to the 
ground. It has been tried as a remedy for 
stringhalt, but with no great advantage. New 
tendon does not fill the space between the 
divided ends, and the fibrous substitute is lack- 
ing in strength. Nevertheless there are cases 
where division of the perforans and perforatus 
tendons have restored the subjects of deformity 
and lameness to prolonged usefulness in labour 
not requiring fast paces. See Tendons, Dis- 
eases OF. [h. l.] 

Tent CaterpiiiarSi a general name ap- 
plied to those larv« which form on trees tent- 
like nests of silk beneath which they shelter. 
By far the commonest and most destructive is 
the Lackey Moth Caterpillar {Clisiocampa neiis- 
tria), though in some districts the larvoe of the 
Brown-tail Moth {Porthesia chrysorrhosd) does 
considerable damage. Various species of Hypo- 
nomeuta larv;e also spin tents. See Clisiocampa, 
Porthesia, and Htponomeuta. [r. h. l.] 

Tenthredinidse, a family of the Hymen- 
optera including most of the insects popularly 
known as sawflies. The four wings are not 



unlike those of a bee, but the body lacks the 
'waist' or peduncle which gives mobility to 
the abdomen of the stinging Hymenoptera, and 
the thorax is attached broadly to the abdomen. 
The female is fuinished with a characteristic 
apparatus in the place of a sting. It consists of 
a pair of saws with their cutting edges on the 
outer side, and by means of it slits are cut in 
leaves or stems for the insertion of eggs. The 
grubs or larvje of the Tenthredinidse are easily- 
distinguishable on careful observation. They 
bear a general resemblance to the caterpillars 
of butterflies and moths, and indeed are some- 
times known as ' false caterpillars ' ; but while 
the larvfe of both groups, in addition to six true 
legs, have a number of ' pro-legs ' or suckers, 
these suckers are never more than ten in the 
Lepidoptera, and never fewer than twelve in 
the Tenthredinidse. A few of these sawfly grubs 
live within galls, in which case the legs are 
much reduced in size, but most are leaf-feeders, 
and among them are many of the more serious 
enemies of plant life. The Pine Sawfly (see 
LoPHTRUs), the Apple Sawfly (see Hoplocampa), 
and the Gooseberry Sawfly (see Nematus) may 
be mentioned. In dealing with the pest the 
particular life-history in each case must be con- 
sidered, but usually the winter is passed in the 
chrysalis state in the soil under the infested 
plants, and if the surface soil be removed and 
buried deeplj', or treated in such a way as shall 
kill the hibernating insects, the attack will not 
be renewed in the following year. [o. w.] 

Terms, Removal. See Kemoval Terms 
and Quarter Days. 

Terrier. See arts. Scotch Terrier, Irish 
Terrier, Skte Terrier, Tot Terrier, Aire- 
dale Terrier, Welsh Terrier. 

Tetanus, called 'lockjaw' from a frequent 
symptom consisting in inability to properly 
open the mouth, is an infective disease caused 
by a specific bacillus {B. tetani) whose resist- 
ance to ordinary disinfectants is very great, 
particularly in the spore form. It has been 
demonstrated that a 5-per-cent carbolic solu- 
tion had no effect upon the spores when the 
latter were subjected to its influence for ten 
hours. Castrators' clams may retain the virus 
for eighteen months although boiled for five 
minutes (Nocard). All the recognized disinfec- 
tants destroy the bacillus if given sufficient 
time, but must be chosen according to the situa- 
tion to be acted upon. The organism is found in 
many soils, and in greater proportion in tropical 
climates, and its common mode of entry into the 
body is by some wound or abrasion, often very 
minute, and so difficult to discover that for many 
years a variety of tetanus was believed to arise 
idiopathically, a view now discarded. The symp- 
toms of tetanus are not produced by a dissemi- 
nation of the bacilli throughout the living ani- 
mal, but a general intoxication is caused by the 
products of a stationary vegetation, as for in- 
stance in the case of a broken knee. If the 
wound is explored, the bacilli will be found 
abundant in its lower layers only, and none 
will be present in blood drawn from the jugular 
vein. This knowledge is turned to account in 
the treatment when tetanus supervenes on 
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wounds and the surgeon seeks to destroy the 
enemy by removing the cause. The eifect ceases 
if the patient has not already taken up a lethal 
quantity of the excretory products of the tetanus 
bacillus. Pricked or punctured wounds about 
the feet offer greater facilities than others for the 
entrance of these malignant organisms. They 
are not necessarily more susceptible, although, 
centuries before the true cause was known, te- 
tanus was observed to follow them more fre- 
quently than others. All domestic mammals 
are liable to the disease. Horses, asses, and 
mules most so; then sheep and goats, and dogs 
least. The period of incubation varies from six 
hours to eight weeks, but inoculation shows that 
in horses four or five days, and in sheep two to 



four days, is the usual time; which accords with 
the common experience that if the ninth day is 
passed safely there is very little lisk of tetanus 
supervening. The same may be said of it when 
following on parturition in cows, these animals 
contracting it through abrasions incurred in 
difficult labours where forcible extraction has 
been found necessary. The symptoms are not 
always pronounced at first, and horses are some- 
times found at work without the man's cog- 
nizance of anything being amiss. A shaking of 
the tail or carrying it to one side may be the 
precursor of violent tetanic spasms of the more 
important muscles of the haunch. More gene- 
rally the muscles of the neck are first affected, 
then the throat, trunk, and extremities. Tl]e 
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outstretched head and difficulty of mastication 
is followed by reti'action of the eyeball and pro- 
trusion of the haw, which is so peculiar to this 
disease. A high state of nervous excitement, 
and spasm amounting to a fit, is witnessed in 
some cases; and the rattle of a bucket or chain, 
the slamming of a door or other sound, may ac- 
celerate a tetanic spasm in a patient which up to 
that time has been standing almost still. It is 
generally fatal. It has been observed that bulls 
castrated by the seemingly scientific and cleanly 
method of ligaturing, more frequently develop 
tetanus than those subjected to the rougher 
methods of the unqualified practitioner. Lambs 
are more susceptible to tetanus after castration 
than other species in this country. 

Treatment. — Constitutional remedies of the 
direct sedative class are given to allay the ex- 
citement, but without much result, as its con- 
tinuance depends upon the amount of tetanic 
products already in the circulation. Perfect 
I'epose and freedom from excitement may enable 
the animal to outlive the attack, provided the 



' dose ' has not been too large. An anti-tetanin 
serum has been employed with some small mea- 
sure of success where the malady was feared 
and anticipatory treatment adopted, but it is of 
extremely doubtful value when once the disease 
has declared itself. Our most hopeful means of 
combating it is to delve to the bottom of the 
wound (if one can be found) and destroy the 
germs with solutions of perchloride of meicury, 
of creolin, carbolic acid, or permanganate. After 
parturition, castration, pricked foot, or broken 
knees, we have no need to seek the enemy's 
camp, but must make a choice of remedies. For 
vaginal membranes, a 2- or 3-per-cent perman- 
ganate solution; for castration wound, a 5-per- 
cent or even stronger carbolic dressing; and for 
feet and knees and distant injuries without com- 
munication with the abdominal cavity, we may 
prefer a 1-per-cent perchloride of mercury pre- 
paration. Soft foods, easily sucked up and 
swallowed without effort at mastication, should 
be provided, and a considerable time allowed 
for perfect restoration. [h. l.] 
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Tetranychus, a genus of spinning mites, 
popularly known as ' red spider ', and frequently 
highly injurious in greenhouses, hop gardens, 
and orchards. The larger gooseberry red spider 
is of a ditt'ereut genus (see Brtobia). The Tet- 
ranj'chus mites are very minute, seldom ex- 
ceeding j?5 in. in length. They infest the under 
sides of the leaves, covering them with extremely 
fine silken threads which afford a protection to 




Ked Spider {Tetranychus telariits} 
1, Adult; 2, larva; 3, leaf with mites and eggs; 4, foot (mag.). 

the mites and their eggs. They live on the 
juices of the leaves, and produce in them a char- 
acteristic scorched appearance, which is some- 
times indicated by the popular name of the dis- 
ease (fireblast, kupferbrand, &c.). There is some 
confusion as to the species, and in most cases 
the mite is indiscriminately alluded to as T. 
telarius, the spinning mite so conspicuous for 
the dense web it often makes on furze bushes, 
though some consider the hop red spider to be 
a different species, T. althece. 

The disease is always most severe in prolonged 
dry weather. Under glass it can be effectively 
treated by tobacco fumigation; but in the open, 
direct insecticide washes must be used, applied 
with force to the under surface of the leaves, 
and repeated at intervals, for the eggs, always 
hard to kill, are doubly protected by their tough 
shells and the silk webbing spun by the mites. 
Ordinary paraffin washes should be reinforced 
by the addition of liver of sulphur, which seems 
to have a specific action upon mites, and a wash 
should be repeated after an interval of three 
days. [c. w.] 




Cuckoo-spit Insect {Tettigonm sptimaria) 

Tettjgonia spumaria (the Cuckoo-spit 
insect) is a familiar garden pest, often causing 
serious injury to roses, Michaelmas daisies, &c. 
It is a member of the group of bugs (Hemip- 



tera) known scientifically as Cercopidee, and 
popularly as Frog-flies or Frog-hoppers. The 
froth is exuded by the young insect and serves 
to conceal and protect it, while it extracts the 
juices from the tender new shoots by means of 
a long proboscis which pierces the tissues. The 
adult insect is about j in. in length, greyish- 
yellow in colour, and a very active jumper. 
Paraffin emulsion is fairly effective against this 
pest, but better results are obtained from the 
use of a tobacco wash, -^ lb. of tobacco sufficing 
for 12 gal. of water. A pound of soft soap should 
be added to the wash. [c. w.] 

Texas Fever, a cattle disease found in an 
acute form in summer and a chronic form in 
autumn ; in many respects it resembles red- 
water. By the more recent experimenters it 
is said to be identical, and the cause to be a 
protozoon (piroplasm) conveyed by ticks. The 
piroplasms are pear-shaped bodies found in the 
interior of the red blood corpuscles. The bite 
of the infected tick carries into the beast the 
blood parasites, and these can be found in the 
blood of the sick animal by examination of a 
drop drawn from any part of the body and 
placed under the microscope. The symptoms 
commence with dullness and high temperature 
(from 105° to 107° F.), loss of appetite, falling off 
in the milk of cows, constipation alternated by 
purging, breathlessness, and rapid wasting. In 
very acute cases death may result in four or five 
days, but a fortnight or more is the usual time; 
or some improvement is noted and then a re- 
lapse, when the disease will last for months. 
Prevention is to be aimed at by several means. 
The ticks do not live upon the greasy skin of 
the sheep, and this affords us the opportunity 
of starving out the ticks by removing all cattle 
to a distance and grazing the pasture with other 
stock. About fifteen months is considered neces- 
sary for this purpose, for in that period the ticks 
and their progeny will have died. The nymphs 
are found to inherit the affection without them- 
selves having sucked blood from an animal suffer- 
ing from Texas fever; hence the importance of 
the full time allowance. Land worth cropping 
can be brought under treatment by the plough, 
but much of the infected areas consist of prairie, 
and only the above alternative of grazing im- 
mune stock is practicable. Cattle which have 
acquired immunity themselves may be covered 
with ticks and introduce the disease into dis- 
tricts previously free; and to prevent this, dip- 
ping has been largely adopted in America, the 
substances used being coal-tar compounds, fish 
oil, cotton-seed or other cheap oils. A bath con- 
sisting of 94 lb. of sulphur mixed with 875 gal. 
of petroleum is specially recommended. Pro- 
tective inoculation produces a mild form of the 
malady and confers a variable degree of im- 
munity, [h. l.] 

Thatch, a term applied to straw or other 
material used to cover the roofs of buildings or 
hay and grain stacks to keep out the rain. The 
materials used for thatching vary considerably 
in different districts. Wheat and rye straw, 
when well laid, provide a neat and secure cover- 
ing for all general purposes. The former is 
used chiefly for rick thatching, while the latter 
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is, when easily procurable, mostly used for the 
roofing of houses. Oat and barley straw are 
sometimes used, but they are generally some- 
what soft in texture and absoi'b water, which 
gradually finds its way through the thatch. 
Thatch is often used as a protective eoveiing 
for potatoes, mangels, and other roots which 
are placed in clamps ; but when used for this 
purpose straw thatch cannot resist frost or con- 
serve heat, it is only capable of preventing 
damage from rain. 

There is no form of thatch to equal reeds 
{Aruiido phragmites), which grow 
abundantly in shallow waters and 
ditches throughout all parts of 
Europe. A reed I'oof which has 
been well laid will last for fifty 
years without requiring repair, 
while well-drawn wheat straw pro- 
perly laid will remain secure for 
thirty years. A ' hundred ' of reed 
may cost as much as £Z, 10s. and 
cover 5 ' squares ' of roof, the cost 
of laying usually amounting to bs. 
per square. To this expenditure 
must be added the cost of tar twine 
for t3'ing the reeds to the rafters, 
usually about \s. Qd. Thus a cover- 
ing of new reeds will cost as much 
as £\ for each huuch'ed square feet, 
to which must be added the expense of roofing 
or placing a cap along the ridge, which, if well 
made, will cost as much as Is. 6d. per foot run. 

Heather or ling {Calluna vulgaris) is still 
lai-gely used for thatching ornamental buildings 
such as rustic arbours, summer houses, &c. Such 
roofs have been known to last for more than 
a hundred years. They are considerably more 
weighty than straw thatch roofs, and where 
large areas have to be covered the roofs should 
eitlier be made sufficiently strong, or allowed to 
pitch so as to throw the greater part of the 
weight on the walls. Ridge. ,. 

In recent years many 
substitutes have been 
introduced to take the 
place of thatching, for ThatCH 
example the erection 
of Dutch barns; but 
these can never en- 
tirely supersede the 
thatched ricks, al- 
though they are of un- 
doubted value in rainy 
districts and seasons. 
Thus in the southern 
counties of England 
farmers are compelled 



outfit is neither expensive nor elaborate. It 
consists usually of a billhook, a paring knife, or 
sheep-shears for trimming the eaves, a large- 
forked stick to contain the drawn straw or 
'yealms', and a wooden hand -rake with iron 
teeth for combing the straw when laid on the 
rick, together with a supply of cord or oakum, 
and maybe a wooden mallet for driving in long 
wooden pegs or spars to which the cord is se- 
cured. The preparation of the sti-aw is of chief 
importance, as if used in a dry irregular mass 
it would be inefi'ective in running off rainwater; 
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Fig. 1.— General Appearance of Thatched Hay Rick 



therefore, in order to secure the best results, the 
straw is well moistened with water, after which 
the heap is turned with a fork, and finally com- 
pressed by beating or lightly treading ; this 
has the effect of ridding the straw of flag and 
shack. The straw is now 'yealmed' or drawn 
from the bottom of the heap, the usual method 
being to grasp as much straw as can be gripped 
in both hands. The straw is then drawn out 
by a rapid movement of the arms towards the 
right, followed by a swing over to the left, the 
yealms or drawn straw being laid at the worker's 
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Thatching Dwelling Houses — First Method 



to build their ricks in the fields where the corn 
or hay is grown. Waterproof cloths or metal 
caps fitting closely over ricks have not yet 
proved entirely satisfactory, for, unlike thatch, 
they do not permit the heat and moisture from 
the rick to escape freely. The latter are among 
the principal advantages of straw thatch. 

[j. c. N.] 
Thatching is an operation requiring con- 
siderable care, observation, and practice before it 
can be successfully accomplished. A thatcher's 



feet, the thickest end being at the right-hand 
side. The work of drawing the straw is usually 
undertaken by the thatcher's assistant or 'server'. 
When a given quantity of the partially straight 
straw has been collected, it is regulated by the 
fingers in order to remove any loose portion. 
The worker meanwhile draws the bundles to- 
wards his feet, until he has secured as much as 
he can hold in the grip of both hands. A yealm 
thus formed is never broken, but kept firm and 
secure until placed on the stack. Before thatch- 



192 



Thatching 



ing, the stack must be prepared by filling up 
any loose hollows with loose straw, and levelling 
any humps so that the roof may present a fii'm 
even surface. Usually the apex of the roof will 
require ' bolstering up 'with a tightly tied bundle 
of straw. The thatcher commences by laying 
the straw at the bottom or eaves, packing it 
firmly and securely, and in regular breadths, 
until he reaches the top, when the straw is laid 
well up to form a point. This gives a good pitch 

WO0C>E.OJ P-i&CE. ... 



for the water to run off. A medium thickness 
of straw well laid will resist water much better 
than a large quantity loosely packed together. 
In thatching hipped-end stacks it is customary 
to commence about the centre of one side so as 
to ensure a good finish; while gable-end stacks 
are generally commenced at one end. 

To keep the thatch in position, pegs made of 
split hazel, willows, or other tough wood are 
used. These are usually cut into lengths of 
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Fig. 3.— Thatching Dwelling Houses— Second Method 



from 2 to 3 ft., the ends being pointed and 
jagged. In the south of England, split hazel 
rods frequently take the place of cord between 
the pegs; while in other parts of the country, 
oakum or straw ropes are used. The final 
operation consists of trimming the eaves and 
ridge. [j. c. n.] 

In Scotland the chief materials used for 
thatching are wheat straw, oat straw, and 
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Tliatching Summer House 



rushes, the last named being in especial favour 
in thatching hay stacks. Various methods are 
employed in preparing the straw, but in every 
case it must be arranged as nearly as possible 
after the manner of a newly cut sheaf, and the 
longer it is the better. In some districts the 
straw is made up into small bunches called 
'staples', and tied securely together at one end 
with a few straws, while in others the straight- 
drawn straw is used without ' stapling '. The 
advantage of the former method is that the 
staples can be used several times for thatching 



straw stacks, or even the hay stacks of the 
following season, after they are taken off the 
corn stacks. Great care is necessary in putting 
on the thatch. A thin, evenly distributed layer 
rather than a thick, patchy covering is wanted, 
for its effectiveness as a rainproof covering de- 
pends upon the strength of its weakest parts. 
The work is best done when the stacks are dry 
and on a calm day. When the stack-heads are 
wet they lose their elasticity, and it is then 
much more difficult for the thatcher to 
put on the straw uniformly. Commenc- 
ing at the eaves, the worker makes a 
beginning with a ring of staples, and in 
the case of corn stacks he allows them to 
project well over, so that the water may 
be effectively prevented from running 
down the sides of the stack. The heads 
of the staples are inserted in the stack- 
head securely enough to hold them firmly 
until the ropes are put on. A second 
ring of staples is then started a little 
higher up and made to carefully overlap 
the first ; and so on until the crown is 
reached, where the heads of the highest 
staples converge. The adjacent staples 
must also carefully overlap one another 
so that a perfectly uniform covering may 
be obtained. After each course is laid 
on, and before shifting the ladder for the 
next course, the thatcher smooths it down with 
his thatching-stick and removes any loose straws. 
In the case of round stacks and at the 'hips' of 
rectangular stacks, there is a tendency to lay 
on the straw much more thinly at the eaves 
than near the crown, and the worker must guard 
against this. The crown of the stack is now 
finished off by placing on it some short straw 
for padding, and then some long, straight straw 
which overlaps the uppermost ring of staples. 
The next operation is to get the thatch secured 
by means of ropes, which may be made of straw 
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at the homestead or puicliased, the latter serving 
for several years. A certain number are put 
over in the vertical direction, and to these the 
rest are attached. In the ease of rectangular 
stacks the latter are usually fixed on horizon- 
tally at about 9 in. or 1 ft. apart; while for 
circular stacks they are either put on spirally 
from the crown to the eaves, or passed obliquely 
over the stack-head and fixed to a rope passed 
round immediately below the eaves. The over- 
hanging ring of staples is now trimmed so that 
the eaves are quite hoiizontal and present a 
good finish and appearance. Where rushes ai-e 
used for thatching, they are put on without 
stapling. The work is much more laborious and 
takes much longer time, but when accomplished 
it is extremely satisfactor)', [j. w.] 

Thatch-making Machines are used 
to make runs of straw thatch suitable to be 
laid on corn stacks in the place of ordinary 
thatching. They straighten the straw and 
yealm it to the required thickness, and then 
thread and tie it continuously with string, so as 
to make it shoot water when it is laid on an 
incline. Long runs of this, sufficient to reach 
from end to end of a roof, are made, and then 
rolled ready to be taken on to the stack. 

[w. J. M.] 

Theobaidinelia annulata is a large 
gnat or mosquito, plentiful in the south of 
England, and often the cause of considerable 
annoyance. It has spotted wings and banded 
legs, and its early stages, as is the case with all 
mosquitoes, are passed in stagnant water, espe- 
cially rainwater barrels and cisterns. The 
trouble from mosquitoes may be greatly miti- 
gated if such reservoirs of rainwater are covered 
with lids of perforated zinc, or they may be 
treated with a small quantity of paraffin oil. 
This floats on the surface and is fatal to the 
mosquito grubs, which cannot breathe beneath 
the water, and are thus deprived of their air 
supply. [c. w.] 

Thermometers. — The thermometers in 
ordinary use are closed glass tubes blown out 
to a bulb at one end and containing mercury 
which expands or contracts as the temperature 
rises or falls, the space above the mercury form- 
ing a vacuum. The point at which the mercury 
stands when the thermometer is immersed in 
powdered ice is marked as 0° C. or 32° F. as 
the case may be, and the temperature of steam 
coming from water boiling under the normal 
pressure of the atmosphere is marked 100° 0. or 
212° F. (see Temperature). The tube of the ther- 
mometer being supposed to be of uniform bore, 
the length between these two points is divided 
into 100 parts (Centigrade) or 180 (Fahrenheit); 
or, to speak more accurately, the volume of the 
tube is equally sub-divided, and the gradua- 
tions are inserted accordingly. It will thus be 
seen that the scale of a thermometer depends 
upon the properties of mercury, say on the regu- 
larity with which mercury expands and con- 
tracts as its temperature varies. In graduat- 
ing above the boiling-point of water and below 
the melting-point of ice, the expansion and con- 
traction of mercury are also used ; that is to say, 
the mark for 110° C, for instance, is placed as 
VOL- XI 



far above the 100° C. mark as 90° C. is below it. 
Reamur's thermometer, in use in Germany, has 
the space between the freezing and boiling 
points divided into 80 equal parts, the zero 
being at freezing. 

Mercurial thermometers serve for nearly all 
the purposes of ordinary life, but in extreme 
cold mercury solidifies, and therefore alcohol is 
used to fill thermometers intended to measure 
very low temperatures. Alcohol thei'inometers 
are graduated to correspond with mercurial 
thermometers degree for degree. For scientific 
purposes thermometers are in use containing 
hydrogen gas or air, and 
the degrees which depend 
on the expansion of gases 
are taken as standards, 
with which the degrees of 
mercurial thermometers 
have to be compared in 
problems involving the 
principles of thermody- 
namics. 

For practical purposes a 
thermometer should have 
the bore of the tube small 
in comparison with the ca- 
pacity of the bulb, so that 
the degrees may be far 
enough apart to read 
clearly; on the other hand, 
the bulb must be small in 
order that the thermometer 
may be rapidly brought to 
the temperature it is de- 
sired to measure. The scale 
should be etched on the 
glass itself. The marks aie 
sometimes difficult to read; 
but if they are rubbed first 
with some stiff grease and 
then with a little powdered 
charcoal or rouge, and then 
wiped, the marks will be 
made clear and easy to see. 
Various minor modifica- 
tions are made in thermom- 
eters for special purposes. 
Clinical thermometers, for 
example, are graduated for 
a short length only, and 
the normal temperature for man and the prin- 
cipal domestic animals is indicated. Maximum 
and minimum thermometers are provided with 
index markers that show the highest and lowest 
temperatures respectively to which they have 
been subjected since they were previously set. 

[c. M. L.] 

Thinning Green Crops. See art. 

Singling. 

Thirlage is in Scots law a restriction on 
lands and their occupiers whereby they are 
astricted or thirled to a particular mill for the 
grinding of grain under burden of paying such 
rates and services as are expressed ov implied in 
the constitution of the right. In 1799 statutory 
provision was made for the commutation of thir- 
lage, and since then this restriction has, by agree- 
ment or otherwise, practically become obsolete. 

170 
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Thirlage wafi constituted usually by deed, 
l)ut might also be constituted by prescription 
or implication. When constituted, the occu- 
piers of the lauds thirled were taken bound, on 
the erection of the mill, to bring their grain to 
it to be ground, and were prohibited from having 
it ground elsewhere, even the use of querns or 
hand mills being prohibited. The area thirled 
to the mill was known as the thirl or sucken, 
while the parties liable were called the suckeners. 
Thirlage was of three degrees, viz. : — 

1. Of all the grain raised on the lands, whether 
actually ground, or sold uuground to dealers, or 
malted. But horse and seed corn, and corn paid 
as rent or feu duty, if delivered unground, was 
excepted. 

2. Of all grindable corn, i.e. all corn actually 
ground or which required to be ground for the 
use of the suckener and his family. Any sui-plus 
beyond this might, in this case, be sold off the 
sucken without liability. 

3. Of all corn brought into the thiil, whether 
grown on the lands or not, and ground there, 
or that ' tholes fire and water ', i.e. undergoes any 
operation which the mill was fitted to perform, 
but this does not include baking or brewing. 

The right of thirlage does not give the owner 
of the mill, as such, any light to interfere with 
the occupier's mode of cultivating his lands, and 
consequently the obligation might be evaded bj' 
laying the lands down to pasture. 

Payment was usually made in kind, and the 
ijuantity of grain payable to the mill-owner 
was known as multures. Insucken nmltuies 
were those paid by the suckeners, while out- 
sucken multures were those paid by persons not 
astricted who voluntarily resorted to the mill 
for the grinding of their corn. Insucken mul- 
tures were higher, since they represented the 
' monopoly price of grinding ', while outsucken 
multures would, of course, be based on current 
I'ates for the work done. Dry multures were 
fixed duties paid annually whether the grain 
was ground or not, as a condition of freedom 
from the burden. In addition, the suckeners 
were liable in cei-tain payments in kind to the 
.servants of the mill known as 'sequels', and 
variously designated as knaveship, bannock, and 
lock or gowpen. Moreover, the suckeners were 
under obligation to render certain personal ser- 
vices, such as furnishing thatch and carrying 
millstones and material necessary for the i-epair 
of the mill, cleaning and repairing the mill dam 
and lade, &c. 

If the occupier tried to evade the obligation, 
it was at one time competent to seize the grain, 
but for long the mill-owner's remedy has been 
by action of abstracted multures, wheieby the 
oifending suckener is mulcted in damages which 
are usually computed at double the insucken 
multures. If, however, the mill was insufficient, 
the obligations of the suckeners were suspended 
till the mill was again in a condition to do the 
work, provided they gave the notice and waited 
forty-eight hours without having the work done. 
The right can be extinguished by written dis- 
charge, or nia3' be lost by disuse for the pre- 
scriptive period. It may also be extinguished 
if the mill becomes ruinous or is destroyed; but 



the right will revive if a new mill is erected, 
within the limits of the thirl, before the expiry 
of forty years. The right may also be extin- 
guished by commutation in virtue of the pro- 
visions of 39 Geo. Ill, c. 55, whereby it is 
enacted that the sheriff on application may 
commute the burden into an annual payment 
as fixed by a jury of heritors or tenants who 
occupy land of an annual rental of £30. 

It appears that astriction to the smithy of 
a barony was at one time recognized in Scot- 
land, and was said to be common in the northern 
counties as late as the middle of the 18th cen- 
tury, [d. b.] 

Thistle is the common name for a genus of 
composite plants with hard stems, spiny leaves, 
and heads of tubular flowers, each head pro- 
tected by a spiny involucre of specially modi- 
fied leaves. The species luxuriate on rich land, 
and are considered the worst of all weeds, in- 
festing not only the grass, but the corn crops 
of arable land. Certain species, such as Spear 
and Marsh Thistles, are speciallj' troublesome, 
since the stems bear spiny wings which descend 
from the leaves, and thus the whole aii' part of 
tlie plant, stem as well as leaves, is prickly. 
All these thistle weeds reproduce in one way. 
Each fertile flower in the head produces a hard 
case protecting a single seed within. To facili- 
tate distribution by the wind, each seedcase is 
crowned by a tuft of ' thistle down ', composed 
of simple hairs in the true thistles, or of hairs 
branched like a feather in the plume thistles. 
Accordingly, to prevent the spread of thistles 
from field to field, seeding must be prevented. 
In the case of thistles which creep undergiound 
(Creeping Thistles) it is necessary also to get 
rid of the undergiound creeping parts. 

The troublesome species of Thistle are — 

A. Biennial. — 1. Spear Thistle {Cnicus lanceo- 
laius). 2. Marsli Thistle {Cnicus palustris). 3. 
Cotton Thistle {Onopordon Acanthium). 

B. Perennial Underground Creepers. — 4. Dwaif 
or Stemless Thistle (Cniciis acaulis). 5. Creep- 
ing Thistle {Cnicus arvensis). 

1. Spear Thistle affects all good soils, and 
is found in pastures, meadows, on roadsides, &c. 
It is a tapiooted biennial which, in the first 
year of its life, produces a rosette of ground 
leaves with a central bud. During the second 
year the bud develops into a stout stem 3 or 
4 ft. high, bearing spiny wings, large spiny 
leaves, and large flower -heads over 1 in. in 
diameter and Ij in. long when in flower. 
Flowering occurs from July on to October. 
Later, 'seeds' are produced in abundance, and 
scattei'ed freely, since each ' seed ' bears a crown 
of feathery hairs which the wind readily catches. 
After seeding, the plant dies. To prevent spread, 
the plant should be cut in June and July. The 
seedlings with the rosette of leaves should be 
spudded out in autumn and early spring. 

2. Marsh Thistle is a biennial, 4 or 5 ft. 
high, frequenting damp pastures and meadows. 
Its habit of growth is like Spear Thistle, with 
a rosette of ground leaves and a spiny stem, but 
the flower-heads are small and in dense clusters. 
Marsh Thistle is eradicated by cutting, exactly 
as for Spear Thistle. 
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3. Cotton Thistle, or Scotch Thistle, fre- 
quents dry ground. It is a stout, branched, very 
prickly biennial covered with a loose cottony 
wool, and sometimes 6 ft. high. The flower- 
heads are large globes li to 2 in. in diameter, 
containing pale-purple flowers. Flowering occurs 
from July to September. The plant is reproduced 
from ' seeds ', which are crowned by simple, not 
feathery, hairs. This species is eradicated like 
the other biennial thistles. 

4. Dwarf or Stemless Thistle grows in 
pastures on dry, calcareous, and gravelly soils, 
when it is often troublesome. Underground 
there is an extensive horizontal stem which 
confers peiennial character and gives rise to the 
air shoots, each shoot composed of a rosette of 
spiny ground leaves, in the midst of which sit 
one or a few rather large egg-shaped flower- 
heads from which the crimson 

flowers protrude. Flowering 
occurs from July to Septem- 
ber. This thistle is repro- 
duced from 'seeds' provided 
with a crown of feathery 
hairs, and propagated by the 
underground stem. For era- 
dication, the plant should be 
spudded out as soon as the 
flower -heads appear, and a 
pinch of sulphate of ammonia 
or of sulphate of copper (blue- 
stone) applied to the cut sur- 
face. 

5. Creeping Thistle is 
one of the most common and 
most troublesome pests of 
agriculture, infesting both 
arable and giass land. The 
power of this plant depends 
mainly on the possession of 
an extensive branched and 
deep - seated underground 

stem, not thicker than a small quill, which 
extends thi-ough the ground, confers perennial 
character, and propagates in all directions, 
sending up air shoots 3 to 4 ft. high. The stem 
of the air shoot is almost destitute of spiny 
wings, and towaids the apex bears a flat-topped 
cluster of stalked flower-heads, each head from 
■^ to 1 in. in diameter. Flowering occurs from 
July to September. On some plants the heads 
are barren and never make seed, but on the 
others the heads bear ' seeds ' which germinate 
and reproduce the plant. The ' seed ' has a 
crown of feathery hairs, so that it is readily 
carried by the wind and sown at a distance. 

For eradication in the corn crop, the hoe 
should be used fieely early and late in spring; 
and when the corn gets up, as many plants as 
possible should be hand-pulled. In pastures, 
repeated systematic cutting continued through- 
out two seasons will exhaust the food supplies 
of the underground creeping stem and exter- 
minate this pest. In root crops, the hoe should 
be kept constantly at work to prevent the new 
shoots from supplying food to the underground 
creeping stems. Two root crops in succession, 
systematically cleaned, suffice to destroy Field 
Thistle. Sow Thistles (see Sow Thistle) are 



readily distinguished from the true thistles 
above described by the milky juice and the 
succulent stem. See illustration under article 
Weeds. [a. n. m'a.] 

Thistle Cutters generally take the form 
of a travelling frame geared to actuate a rotary 
drum which, instead of having heavy beaters, 
is fitted with sharp steel edges, which in rapid 
revolution cut off the thistles. The machines 
are designed to allow the cutting to be adjusted 
to requirements. It is rather doubtful if it is 
worth while to spend money on a special cutter, 
as the ordinaiy mowing machine is quite ca- 
pable of cutting the thistles ; and now through 
perfection of construction and easy contiol of 
levers to raise and lower the cutter bar, it is 
easy to regulate the cutting so as to cut' the 
thistles and leave the grass uninjured. Thistle 




Thistle Cutter 

cutters have been made in which the cutting is 
eff'ected by horizontal blades on radial metal 
arms attached to a vertical spindle njade to 
revolve quickly. These will cut thistles, which 
after all is not a diflicult matter, as a blunt- 
edge brought sharply against a thistle will do 
this ; but in this form of cutter there seems 
special liability to trouble on rough ground 
where there are high ant heaps or other obstacles. 

[w. J. M.] 

Thomas Phosphate. See art. Basic 
Slag. 

Thoroughbred Horses. — The term 
'Thoroughbred' is used throughout the follow- 
ing pages as a matter of convenience, though 
the word is of comparatively recent coinage. 
In early days, the racer was termed a 'running 
horse ' or 'plate horse' ; in the latter pai't of the 
17th and the earlier half of the 18th century, 
the term 'blood horse' came into use, to describe 
animals which owed their parentage to Eastern 
sire or mare. The word ' Thoroughbred ' seems 
to have been coined during the first decade of 
the last century, occurring as it does in the 
Sporting Magazine of 1806 ; but not for many 
years after that date did it obtain general cui'- 
rency ; as late as 1831 William Youatt (in his 
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book The Horse) thought it necessary to write 
of ' the Thoroughbred or Turf ' horse. 

History. — Eastern horses have been brought 
into this country from a very early period. 
Henry I (1100-35) received two Arabs as a gift; 
and we miglit trace such occasional importations 
fi-ora the East down to the Stewart period, when 
they became much more frequent. King James I 
(1603-25) acquired many Eastern horses by gift 
or purchase. On one occasion he received as a 
present twenty-seven 'Neapolitan coursers', of 
which eleven were stallions ; this breed had a 
strong strain of Bai'b or Arab blood. In the 
year 1617 he received half a dozen Barbs, which 
were sent direct to the Royal stud at New- 
market. The Markham Arabian for which he 
paid ^154 on 20th December, 1616, is the best- 
known of James I's importations, but this horse 
proved a failure at the stud. The Helmsley 
Turk imported in Charles I's reign (1625-45) is 
the first Eastern sire known to have made his 
mark upon our English breed. He became the 
sire of Bustler and Hutton's Royal Colt, whose 
names occur in the pedigree of Eclipse. ' His 
blood has been chiefly transmitted to our time 
through Old Merlin, Blunderbuss, the Bolton 
Starling, the Bolton Sweepstakes, and the Black- 
legs mare ' (Osborne). The Blacklegs mare was 
the dam of Marske, sire of Eclipse. 

While we trace the descent of our Thorough- 
breds from Eclipse, Herod, and Matchem, more 
especially to the first, there are, in the pedi- 
grees of these three horses, blanks which can- 
not now be filled. The dams' names are far 
more frequently wanting than the sires ; and 
in regard to this we must bear in mind that 
breeders in those days were careless in record- 
ing particulars of their stud work. This is not 
surpiising ; even at the present day, compilers 
of stud records find difficulty in obtaining accu- 
rate pedigrees. A contributing factor to the 
mistiness of the old pedigrees was the frequent 
omission to name horses and mares — an omission 
not uncommon within our own time, during 
which great races have been won by horses upon 
which their owners had bestowed no names. 

Though stud books did not exist in the early 
days, breeders were well informed concerning 
the merits of horses on the turf. Richard Blome 
says: 'By having Plates run for at several 
times and in several counties we have come to 
know exactly the speed, wind, force and heart of 
every horse that runs, which directs us infallibly 
in our choice when we have to furnish ourselves 
foi' the War, Hunting, Breeding, the Road and 
the like ' (Gentlemen's Recreation, 1686). This 
passage has important liearing on the present 
subject, as it shows that racehorses at this time 
were used to breed stock for all saddle pur- 
poses. Nevertheless there were studs main- 
tained solely for lacing before Blome's time. 

King Charles had a large one at Tutbury in 
Staffoi'dshire, which in July, 1649, numbered 
139, all mares and foals, many of which were 
undoubtedly descended from the Digby and Vil- 
liers Arabians, the latter imported by James I. 
(No stallions are mentioned in the list of the 
stud made by Cromwell's Commissioners who 
visited Tutbury in July, 1649; it is supposed 



that the sires were removed in anticipation of 
the Protector's confiscation of the stud.) 

Cromwell continued the Tutbury stud as a 
national institution, recognizing the importance 
of improving English horses ; and though he 
discountenanced racing, he established a stud 
of his own and sent his stud master. Place, 
abroad to buy horses. Place is said to have 
been an excellent judge of horseflesh and a 
successful breeder ; among other horses brought 
to England by him was Place's White Turk, a 
sire which wrought great influence. Matchem 
and Snap trace their descent to mares got by 
him. 

There can be little doubt but that up to the 
time of the Restoration (1660) the breed of 
light horses for general use consisted of mixed 
blood. The vast majority of importations were 
stallions ; and these crossed on English mares, 
and the progeny of such crosses being mated 
among themselves or with other Eastern impor- 
tations, a strong strain of Eastern blood existed 
in the 17th century, before the arrival of the 
' Royal Mares ', with whose advent in England 
the real history of the modern Thoroughbred 
begins. Charles II (1660-85) was extremely 
fond of racing ; he was a constant visitor to 
Newmarket, where he had a residence (The 
King's House) and ran horses in his own name. 
Taking keen, intelligent interest in the im- 
provement of the breed, he sent his Master of 
the Horse, Sir John Fenwick, abroad to pur- 
chase stallions and brood mares. 

The mares so purchased weie Eastern blood 
only, Ai'abs, Barbs, or Turks, and described 
simply as ' Royal Mares '. The improvement in 
our racehorses which quickly followed the im- 
portation of these mares proves the judgment 
exercised by Sir John Fenwick in his selection. 
The greatness of the debt owing to these mares 
j by the Thorouglibied is shown by the frequency 
with which ' a royal mare ' occurs in the old 
pedigrees. 

when Charles II died, the Royal Mares ap- 
pear to have been sold. They found their way 
into the hands of owners in various parts of 
the country, and, thanks to the custom of call- 
ing imported horses by the names of their 
owners, the history of the breed is placed on 
a more definite basis. A consideiable number 
of mares became the property of Lord D'Arcy, 
who laid with them the foundation of the fame 
of the Sedbury stud. Lord D'Arcy had ftmnded 
his breeding establishment soon after the Re- 
storation and owned two sires, the White D'Arcy 
Turk and the D'Arcy Yellow Turk, imported 
by himself. These sires and the Royal Mares, 
with others of Eastern descent, 'contributed 
most materially to the improvement of our 
breed of horses ' ( Horse-breeders' Handbook, 
Joseph Osborne). 

The union of the White D'Arcy Turk and 
a Royal Mare produced Wilkes's Old Hautboy, 
perhaps the best sire of his day; the dam of 
Snake by the Lister Turk, the dam of Almanzor 
to the Darley Arabian, and of Terror to the 
Akaster Turk. The D'Arcy Yellow Turk, mated 
with another Royal Mare, got Brimmer, and, 
with Lord Fairfax's Morocco Barb Mare, 
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Spanker. All these names occur in the pedi- 
gree of Eclipse. 

Among the sires imjwrted in Charles II's 
reign must be mentioned the Curwen Bay 
Barli and the Toulouse Barb, both imported by 
Mr. Curwen of Workington Hall, Cumberland. 
The Bay Barb got Mixbury, the most famous 
Galloway of his day, and two mares, the elder 
of which became the dam of Partner Soreheels; 
Sister to Soreheels, Little Scar, and the dam of 
C^rab. The Lister Turk was the most notable 
horse imported during James II's brief reign 
(1G85-8); as the sire of Coneyskins and Snake, 
this horse holds an important place among 
foundation stallions. 

We now come to the importation of the 
Byerley Turk (1689), the first of the three 
great Eastern sires. His best son, Jigg, sired 
Partner, who sired Tartar, who, put to Cypron, 
got Herod. Other good horses brought to Eng- 
land during William Ill's reign (1689-1702) 
were Chillaby and the mare Slugey or Sloughy, 
Morocco Barbs, sire and dam of Greyhound, 
who did valuable service at the stud, more espe- 
cially through his daughters ; the Selaby Turk, 
who also rendered greatest benefit through his 
daughters; the Harper Arabian and Akaster 
Turk, the latter of whom begot several good 
mares, Thwaites Dun mare among them ; and 
the Honeywood Arabian. 

Queen Anne's reign (1702-14) was an epoch 
in the history of the Thoroughbred, as among 
the twenty-four Eastern sires imported while 
this sovereign was on the throne, was the Darley 
Arabian (1706). The value of Eastern blood had 
now become fully recognized by breeders, and 
— 'about the time of the arrival of the Darley 
Arabian in Yorkshire, there arose an extra- 
ordinary livalry among the wealthy noblemen 
and gentlemen resident in the three great Rid- 
ings and in the neighbouring counties for the 
possession of Eastern blood, which not only 
increased as time went on but extended to 
other parts of the Kingdom: and to this cir- 
cumstance is chiefly due the immense improve- 
ment that took place in our breed of horses 
during the early part of the last (18th) century' 
(Horse-breeders' Handbook, Joseph Osborne). 

The Leedes Ai-abian was brought to England 
about the same time as the Darley Arabian, 
and in the opinion of the high authority quoted 
above, is entitled to almost as much credit for 
the improvement in the breed, which was 
brought about chiefly through the merit of his 
female progeny. Other sires which conferred 
lasting benefit on the breed were the Ogle- 
thorpe Arabian, the Bloody Buttocks Arabian, 
the White Legged Lowther Barb, and the Tafib- 
let Barb. 

It was during Queen Anae's reign that the 
Eoyal Plates were established. They were the 
gift of a private individual whose name has not 
been recorded, and were thirteen in number. 
The purpose of the public-spirited donor was 
to try and counteract the growing tendency of 
the day to breed horses for speed only, to the 
neglect of weight-carrying and staying powers ; 
and to this end the conditions of a Eoyal Plate 
were the best of three heats over a four-mile 



course, carrying 12 stone. These plates were 
given at various Meetings at the discretion of 
the Crown, and, being regarded for a long 
period the most important events on the Turf, 
did something to encourage the production of 
stouter horses. 

The importation of Eastern blood continued 
steadily during the first seventy years of the 
18th century. George I (1714-27) seems to 
have taken little personal interest in racing, 
but the arrival of the Godolphin Arabian (1724) 
was an event of his reign. To this horse is 
given more credit for the improvement of the 
breed than any other sire imported before or 
since. 

It is in no spirit of dispaiugement to the 
valuable services of the three so-called ' founda- 
tion sires', the Byerley Turk, Darley and Go- 
dolphin Arabs, that we suggest that to them has 
been given perhaps more credit for the im- 
provement of the breed than is justly their 
due. The history of progressive improvement 
dates from a period earlier than the arrival of 
the first of these sires. The Eoyal Mares, im- 
ported in Charles II's time (1660-85), had been 
distributed among various private studs, no- 
tably the Sedbury, four years before the Byerley 
Turk arrived in 1689, and at least five years 
before that horse was sent to the stud. His 
owner. Captain Byerley, used the Byerley Turk 
as a charger during William Ill's wars in Ire- 
land, and rode him at the Battle of the Boj'ne, 
July 1, 1690. 

Great and steady improvement had been 
made before the Darley Arabian arrived in 
1706 and the Godolphin in 1724 ; and credit 
for this must be divided between the less-well- 
known sires, the Eoyal Mares, and their progeny. 

We may take up the histoi'y of the breed 
from the accepted starting-points — the three 
sires, Matchem (1748), Herod (1758), and Eclipse 
(1764) — concerning whom it is to be remem- 
bered that Matchem had the most Eastern 
blood in him and Herod least. 

The Eclipse (or Darley Arabian) lines of blood 
may be first considered ; they have shown such 
vitality that they threaten to outstay altogether 
those of both Matchem and Herod. There are 
four important 'lines', which may be set out 
thus : — 

Eclipse. 
I 



I 
Pot-8-os 
(1773). 

I 

Waxy 

(1790). 

I 

Whalebone 

(1807). 



I 

King Fergus 

(1776). 

t 

Hanibletonian 

(1702). 

I 

Whitelock 

(1803). 

I 
(3) Blacklock 
(1814). 



I 

Joe Andrews 

(1778). 

I 

Dick Andrews 

(1797). 

I 

(4) Tramp 

(1810). 



I I 

(1) Sir Hercules (1826). (2) Camel (1822). 

The fifth line is that of Harkaway, viz. : 
Waxy (1790)— Whisker(1812)—Economist(1825) 
— Harkaway (1834) ; but of these little need be 
said. King Tom, son of Harkaway, begat King- 
craft, who won the Derby of 1870, and three 
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Oaks winners in Tormentor, Hippia, and Han- 
nah ; Foxhall was also a representative of this 
familj', which ' is now little known in this coun- 
try, though it has done well both in Australia 
and America' (Richardson). 

The first of the four lines sketched above is 
that of Sir Hercules (or Birdcatcher). Sir Her- 
cules begat Birdcatcher in 1838 ; and Bird- 
catcher's best sons were the Baron and Oxford. 
The line of the Baron follows : — 

The Baron (1842). 

1 
Stockwell (1849). 

Doncaster (1870). 



Bend Or (1878). 

I 



Kendal 
(1883). 

I 
Galtee 
llore. 



Ormonde 
(1884). 

I 
Ornie 

(1886). 



Martagon 
(1887). 



Orvieto 

(1888). 



Cyellene 
(1895). 



Stockwell also sired Lord Ronald, Blair Athol, 
and St. Albans among other horses which 
achieved less distinction at the stud than Don- 
caster through Bend Or. 

Oxford, foaled 1857, sired Sterling (1868), who 
sired 

Isonomy (1875). 
I 

1 I I 

Gallinule (1884). Janissary (1887). Isinglass (1890). 

We have next to trace what is known as the 
Neiominster- Touchstone line from Whalebone. 
His son. Camel, foaled 1822, begat 

Touchstone (1831). 

I 
Newminster (1848). 

I 



Hermit (1864). 



Lord CliJden (1860). 

I 

I 



Petrach (1871). Hampton (1872). 

Hermit was the sire of many good sons and 
daughters: among the former. Friars' Balsam, 
Melanion, Ascetic, Heaume, and St. Blaise; 
among the latter. Penitent and Moorhen (dam 
of Gallinule). Hermit's descendants have been 
remarkably successful as steeplechasers as well 
as on the flat. Hampton was one of the most 
successful of modern sires. He begat, among 
others. Merry Hampton, Ayrshire, Ladas, Royal 
Hampton, and Sheen. 

The third or Blackioch line may be sketched 
thus : — 

Blackloclc (1814). 

I 
Voltaire (1826). 

Voltigeur (1847). 

Vedette (1854). 

Galopin (1872). 

I 
St. Simon (1881). 

This, in Mr. Richardson's opinion, is probably 
the Ijest staying family of the day, its greatest 
rival in respect of stamina being the Isonomy 
line of Birdcatcher. Voltigeur, it may be noted. 



had twenty-three strains of Herod blood against 
fifteen of Eclipse blood. 

The fourth family, that usually known as the 
line of Tramp, is as under; — 

Tramp (1810) begat Lottery (1820), who begat 

Sheet Anchor (1832). 
Weatherbit (1843)i 

Beadsman (1855). 

I 



I 
Rosicrucian (1865). 

I 

Beauclerc (1875). 

I 

Tyrant (1885). 



Coeruleus (1872). 

I 
Blue Green (1887). 



Of ' Eclipse mares ', the following must be 
mentioned: Penelope (Trumpator- Prunella) ; 
Pewet (Tandem-Termagent) ; Evelina (High- 
flyer-Termagent) ; and Pocahontas, who, how- 
ever, has many strains of Herod in her pedigree. 

The Matchem (or Godolphin Arabian) line 
need not detain us long. The fame of the ori- 
ginal sire is perpetuated to our own day by 
a single line as follows: — 

Matclieni (1748). 

I 
Conductor (1767). 

Trumpator (1782). 

! 

Sorcerer (1796). 

Comus (1809). 

I 

Humphrey Clinker (1822). 

I 

Melbourne (1834). 

West Australian (1850). 

I 

Solon (1861). 

I 

Barcaldine (1878). 

The Herod (or Byerley Turk) family has been 
perpetuated by four branches, which may be 
conveniently set out thus: — 

Herod (1758). 



Highflyer (1774). 
Sir Peter (1784). 



I 
Walton 
(1780). 

! 

Partisan 

(1811). 

I 

Gladiator 

(1833). 

\ 

Sweetmeat 

(1842). 

I 

Macaroni 

(18C0). 

I 

Macgregor. 



Woodpecker (1773). 

I 

Buzzard (1787). 

I 



I 

Sir Paul 

(1802). 

I 

Paulowitz 

(1813). 

Cain 

(1822). 

I 

Ton 

(1836). 

I 

\Vild Davrell 

(1852). 

I 

Buccaneer 

(1867). 

I 
Kisber 
(1874). 



I 

Castrel 

(1801). 

I 

Pantaloon 

(1824). 

I 

Windhound 

(1847). 

I 

Thormanby 

(1857). 

I 

Charibert. 



Selini 
(1802) , 

I 
Sultan 
(1816). 

I 

Bay Middleton 

(1833). 

I 

Flying Dutchman 

(1846). 

1 
Upas. 

Elf II 
(1893). 



The Buccaneer branch is the only one to 
which importance attaches at the present time. 

It does not seem necessary to trace the doings 
of scions of these families beyond the points at 
which they have been left. 'Space forbids the 
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writer to do more than bring thus baldly the 
past history of the bi-eed into touch with the 
horses of the present day, leaving the reader 
to follow up the breeding of animals in which 
he may be interested. 

Thoroughbreds Abroad. — TheAmericanTrot- 
ting Horse is of mixed descent. The horses 
abandoned by de Soto in 1.542 on the confines 
of Texas, half a dozen in number, are held to 
be the ancestors of the wild horses of North 
America. Thus nearly eighty years before Eng- 
lish horses were introduced by the early settlers 
in Virginia, there was a large stock of Spanish 
blood ; which blood is closely allied to, if not 
identical with, the Barb blood. 

There were 'several shipments of horses at 
difi'erent times by the proprietors [of the colony 
of Virginia] down till about 1820 ' (The Horse 
of America, by John H. Wallace); and as it was 
the custom in Virginia and the other American 
colonies to brand the 3'oung stock and turn 
them loose, we may safely assume that these 
English horses interbred with the wild descen- 
dants of the Spanish hoises. The Dutch and 
Swedish settlers obtained hoises from Holland 
and Sweden in their turn ; and in the latter 
half of the 17th century races were established 
on Hampstead Plains, Long Island. The first 
horses imported into New England reached 
Boston in 1826, and other shipments from this 
country followed. The first English racehorse 
is said to have been imported into Virginia 
about 1750, but no particulais of this animal 
are recorded. Certain English racehorses were 
impor'ted about the year 1750. Of these, one 
named Traveller was the most important arri- 
val ; another named Janus did good service. 
Modern American Trotters trace their descent 
to Messenger, son of Mambiino, imported in 
1788 when eight years old. Manrbrino had been 
remarkable in England for his success in get- 
ting road and coach horses, and Messenger in- 
herited the trotting powers his sire bestowed 
upon his progeny. 

Messenger stood at various places, Philadel- 
phia, in New York State, and in New Jersey, 
for twenty years, and got many good horses. 
Those that made the greatest impression on the 
breed were; (1) Bishop's Hambletonian (foaled 
1804), out of pheasant (the Virginia Mare), said 
to be by imported Shark ; (2) Mambrino (foaled 
1806), out of a mare by imported Sour Grout ; 
(3) Winthrop, or Maine, Messenger (foaled about 
1807), out of an unknown dam ; (4) Grey Mam- 
brino (foaled about 1800), dam by Pulaski ; (5) 
Mount Holly, dam by Bajazet. Abdallah, by 
Mairrbrino out of Amazonia, one of the most dis- 
tinguished trotters of her day, has beeir called 
the 'King of Trotting Sires' of his generation; 
he was foaled in 1823. Mr. Wallace gives a 
list of forty-one English stallions which were 
imported about the same time as Messenger. 
Among them are eight sons or grandsons of 
Herod, six sons or grandsons of Eclipse, four sons 
or grandsons of Highflyer ; but as not one of the 
forty-one 'founded a trotting family, and no one 
of them ever got a trotter out of a mare of his 
own kind', they need not be further considered. 

Messenger descends in direct tail male from 



the Darley Arabian ; but there are blanks in the 
pedigree (dam's side) of his great-great-gi'and- 
sire Blaze ; and his trotting powers indicate 
a strain of Hackney blood. 

Axtstralasia. — The earliest exportation trace- 
able is that of Steeltrap, sent to New South 
Wales in 1823. No regular record of Thorough- 
breds exported was attempted until vol. iv of 
the General Stud Book was published in 1840. 
In that year Calendar' aird Vagabond were sent 
to Australia, and in course of the decade follow- 
ing half a dozen more. VoL ix contains a list 
of fifty-five stallions and forty-six mares which 
had been sent to Australia during the year 1860 
and earlier. Toxophilite (foaled 1855), sold to 
New Zealaird by the Earl of Glasgow, was one 
of the most valuable sires ever sent to the 
Colonies. As the sire of Musket, who got many 
good horses, including Carbine, who was pur- 
chased in 1896 by the Duke of Portland, Toxo- 
philite must, hold a high place in the history 
of Australian horse-br-eeding. Fisherman, sent 
to Adelaide in 1860, is another horse deserving 
of special mention. 

Cape Colony. —Sqmii<t\, by Cain (exported 
1839), is the first Thoroughbred mentioned as 
having been seirt to South Africa. Several 
more were sent out during the ensuing twenty 
years, including Turpirr, by Hetman Platoff, 
Bramble, by Bay Middleton, in 1845 ; Holloway, 
by Emilius, in 1847 ; and Pantomime, by Panta- 
loon, in 1850. Thirty-seven stallions and three 
mares were sent to the Cape during, and prior 
to, the year 1860 (vol. ix, General Stud Book). 

Continent of Europe. — The demand for Eng- 
lish Thoroughbreds appears to have begun in 
the early 'twenties of the last century. In 1823 
Rainbow was sent to France. During the 
'thirties and 'forties the demand from France 
increased, aird such horses as Alington, by 
Gustavus (exported 1832), Cadland, by Orvile 
(exported 1833), Sir Benjamin, by Whisker' (ex- 
ported 1834), Dangerous, b}' Tramp (expor-ted 
1835), Theodore, by Comus (exported 1838), were 
purchased by our French neighbours ; and many 
Thoroughbred mares were taken by them during 
the period 1850-60. The demand from the 
States which now constitute the Ger-man Empire 
took shape in the 'thirties. Erymus, exported 
in 1832, was among the earlier purchases ; 
Brutandorf was sent to Germany in 1842, Mun- 
dig in 1843, and Elis in 1844. Many mares 
were sold to Germarr buyers during the period 
1857-60. Russia began to buy from us about 
1823, in which year Soothsayer, by Sorcerer, 
Antar, and Interpreter- were sent to that coun- 
try. Many horses were sent to Russia during 
the 'forties, including Hymen, brother to Glaucrrs 
(exported 1840), Coronation (exported 1846), and 
Zanoni (otherwise Running Rein) in 1847. The 
earliest Austrian purchase traceable is that of 
Grimalkiir, sold by the Duke of Rutland to the 
Emperor in 1814. Cardinal Puff, Carthaginian, 
Clincher, and Old Dan Tucker went to Austria 
in 1852. Buccaneer, sire of Kisber, sold in 1865, 
was one of the nrost noteworthy exports to 
Austria-Hrrngary. 

Thoroughbreds have also been sold to Sweden, 
Holland, Spain, Italy, and other countries during 
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the last fifty years. It is to be observed that 
the great majority of Thoroughbreds exported 
to the Continent are purchased by the respec- 
tive Governments, the purpose being to improve 
the native breeds, not to produce racehorses. 

Height and Confoemation. — The modern 
racehorse differs very widely from his ancestors 
of two centuries ago, both in height and con- 
formation. The Arab and Baib stallions and 
mares which played so large a part in making 
the breed were animals of 14 hands or little 
more ; and there is good reason to believe that 
English 'running horses' of that period were 
little, if at all, bigger. Old Turf records in- 
dicate that 14 hands was the average height 
of the racehorse. In 1711 a Plate at Newmar- 
ket was advertised, each horse, mare, or geld- 
ing to carry 10 st. if 14 hands high, if above or 
under to carry weight for inches. In 1750 the 
conditions for a i;50 Plate at Newmarket were 
framed on the same lines, ' 14 hands to carry 
8 St. 7 lb'. Heber's Calendar of 1752 is the 
first work of the kind which contains a Table 
of Weights to be carried in the ' Give and Take 
Plates ' ; and this provides for horses of from 
12 hands to 15 hands high, clearly indicating 
that these were the extremes it was necessary 
to provide for. Height was a point seldom 
mentioned by the old authorities unless the 
animal was exceptional in one direction or the 
other. Thus it is recorded of Mixbury, by the 
Curwen Bay Barb, dam by Old Spot {temp. 
Charles II), that he was only 1.3'2. Gimcrack 
(foaled 1760) was 14 hands and quarter of an 
inch. The advertisements of stallions which 
appear in the old Calendars are helpful as re- 
gards horses of a later period. We find Bos- 
phoius, by Old Balram, dam by the Hampton 
Court Old Childers, advertised in 1768 as ' up- 
wards of 15 hands high '. In the same volume 
(Heber's Calendar) the following stallions are 
advertised: Young Traveller, 'full 15 hands 
high ' ; Sloe, ' full 14 hands 3^ in. high' ; Second, 
'very near 14 hands 3 in. high'; Torresmond, 
'very near 14 hands 3 in. high'. The 'Bay 
Horse call'd Babraham' is also advertised as 
'full 16 hands high', but this assertion must 
be accepted with great reserve. 

Though 80 much smaller than the modern 
Thoroughbred, the racehorse of that period pos- 
sessed valuable qualities. He was required to 
carry as much as 12 st. in races of three or four 
miles run in three heats, sometimes more, on 
the same day at intervals of half an hour be- 
tween the heats; and with these requirements 
in view he was bred to meet them. Thus he 
was more compact, better coupled, and had 
greater stamina ; and was almost as much used 
to get hunters and roadsters as to get race- 
horses, which by virtue of his stoutness and 
general conformation, not less than his courage 
and speed, he was well fitted to do. The writers 
of a century ago make frequent reference to the 
services of racehorses for general stud purposes, 
and it would seem to have been the exception 
rather than the rule to keep a stallion ex- 
clusively for the service of racing mares. For 
example, it is recorded of Mambrino (1768) that 
he was ' the sire of many excellent hunters and 



strong useful road horses '. Bosphorus, the horse 
above referred to, advertised in Heber's Calen- 
dar of 1767 to cover at three guineas a mare at 
Mr. Haswell's, Epsom, is described as ' not only 
likely as any hoise in the Kingdom to get a 
Racer, but a Hunter or Coach-horse, or according 
to his mares'. Few Thoroughbreds of our own 
day would be chosen by the judicious breeder 
as sires of weight-carrying hunters. 

The change in the direction of increased height 
of racehorses would seem to have begun about 
the end of the 18th century. It was at this 
period that two-year-old racing, advocated by 
Sir Charles Bunbury, came into vogue, and the 
practice brought in its train as a necessary con- 
sequence the system of 'forcing' the growth of 
young stock in order to make them the sooner 
ready for the racecourse. An anonymous author 
writing in 1836 refers to the marked increase 
in size which had then taken place : ' The in- 
telligent reader must perceive that the great size 
so much admired by the public in brood mares 
has been acquired . . . The English racer, we 
cannot doubt, acquired his enlarged structure 
by rich food.' The writer was of opinion that 
the horses of his day were inferior to those of 
fifty years earlier in respect of stoutness, ability 
to carry weight, and in staying powei'. The sys- 
tem of heat racing was declining in the 'thirties, 
and the programme of any Meeting bore greater 
resemblance to the ' card ' of the present day. 
Increase of the practice of racing young horses 
under light weights, together with abandon- 
ment of heat races under heavy weights, be- 
tween them bi'ought about the endeavour to 
produce a bigger horse able to gallop fast for 
a short distance under a light weight. This 
tendency which had borne fruit seventy years 
ago has continued down to our own time, the 
long-striding animal sought having been gradu- 
ally brought to its present conformation. It 
is very doubtful whether the average height of 
the racehorse in the 'thirties exceeded 15 hands, 
though we need not doubt that indiridual horses 
of greater height occasionally occurred. 

The late Admiral Rous has shown that the 
average height of our Thoroughbreds had in- 
creased at the rate of 1 in. in every twenty-five 
years. The increase has been more rapid during 
the last hundred yeai's than during the hundred 
years preceding it, but in the main the assertion 
of the Admiral holds good. The late Mathew 
Dawson ' considered it demonstrable that within 
the experience of living persons the size of the 
racehorse has increased in this country' (Richard- 
son, The English Turf). The increase in height 
has been by no means an unqualified advantage. 
Granting the truth of John Scott's oft-quoted 
maxim that 'a good big one will always beat 
a good little one', we have to bear in mind 
William Day's remark (The Racehorse in Train- 
ing) that ' as a rule you may get fifty good small 
horses for one good large one, and the former 
will, and do, run well after the latter has been 
put to the stud'. 

The same high authority held (The Horse : 
How to Breed and Rear him) that little stal- 
lions put to suitable mares get much better 
stock than most large horses; and he cites 
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Stockwell as the only thoroughly good large 
stallion he had known within forty years. 

Our entire racing system has undergone a 
great change in the last hundred-and-twenty 
years. In the old days, horses were not raced 
until they were four, five, or even six years old; 
during our own time they are very generally 
sent to the stud at the age when, in former 
times, they were only beginning their active 
career on the racecourse. This change, bring- 
ing about the forcing system already referred 
to, must be held responsible for the falling-olF 
in constitution and soundness. Yearling colts, 
nowadays, appear in the sale ring nearly a hand 
higher than they would have been if reared under 
natural conditions; hot stables, soft food, and 
general pampering results in rapid growth and 
accompanying defects. The horse thus reared, 
like a child too tall for its age, is delicate and 
' soft '. Notwithstanding the care bestowed by 
the skilful trainer, the work required of it finds 
out weak spots and develops latent unsound- 
ness. It is very doubtful whether the forcing 
process affects the ultimate growth of the horse; 
in all probability the animal simply attains its 
maximum growth at an unnaturally early age. 
(The natural growth of the horse in its first 
year is exceedingly rapid. The writer is in- 
debted to Professor Cossar Ewart for figures 
which sliow that a colt born of parents each 
exceeding 15'i in height, was 9'Oj at time of 
birth and measured 13 hands when one year 
old ; this despite the fact that it ' did badly ' 
during its first year, probably because the dam 
was out of condition and could not nourish it 
properly. When three years old this colt stood 
l.'i hands, having made up lost ground in its 
second and third years.) 

It is only reasonable to afisume that Nature 
ordains a certain normal average size for any 
given breed, and, endowing the animal with a 
measure of vitality coinciding with the normal 
average size, does not increase that measure of 
vitality in response to the demands of artificial 
enlargement of frame. Hence, when by careful 
mating, rich food, and a hothouse system of 
forcing growth, the frame is enlarged at an ab- 
normally early age, that larger frame is more 
liable to disease and more likely to suffer from 
the effects of exposure and hard work, Our 
modern racehorses are bigger and no doubt 
faster over a short distance than their ancestors, 
but they lack their ancestors' stamina, sound- 
ness, vitality, and weight-carrying power. 

The same results of early racing and short 
races under a feather-weight are to be seen in 
the Australian Thoroughbred. The demand 
for a speedy sprinter has brought about the 
production of light, long-limbed horses, which 
can make wonderfully good time over four or 
six furlongs under a light-weight ; but the stout 
saddle horses, peculiarly valuable in that country 
of great distances, which were formerly bred 
from blood stock, have almost disappeared. 

Colour.— The Arabs, Barbs, and Turks from 
which our racehorses so largely trace their 
descent were of very various colours. Less 
than a third of the number enumerated by 
Mr. Osborne in the Horse-breeders' Handbook 



are described by colour; but so far as this pro- 
portion enables us to judge, grey was much 
commoner than it is now. There are IC grey 
horses, 11 bay, 8 chestnut, 4 black, 3 dun or 
yellow, 2 white, 2 brown, 2 roan, 2 piebald or 
particoloured, and 1 bay roan. This variety fif 
colour is reflected in the pages of the early Stud 
Books and Racing Calendars: greys, blacks, and 
particoloured horses were much more numerous 
on the Turf a century ago than they are in our 
own day, when, so far as England is concerned, 
grey and particoloured horses have practically 
disappeared, while blacks are rare. The period 
1760-1800 saw some of the best grey horses that 
ever ran ; Gimcrack, Mambrino, Grey Dioraed, 
Kildare (an Irish horse), Hollandaise and Sym- 
metry (winners of the St. Leger in 1778 and 
1798 respectively). Grey horses become fewer 
as we examine the records of the last century; 
the only grey sire now serving, so far as the 
writer is aware, is Grey Leg. Horses of this 
colour have grown rare because we have not 
within memory had a grey sire of outstanding 
excellence to perpetuate his kind. 

Chestnut, formerly an uncommon colour, has 
gradually become more frequent. It is worth 
noticing the fact that Eclipse was a chestnut, 
and it is a commonplace of the Turf that Eclip.se 
blood is asserting its greater vitality over the 
blood of Herod and Matchem. Blacks are now 
unusual ; when the colour does occur, it indi- 
cates with certainty descent from the black 
Byerley Turk. This colour is prone to dis- 
appear for a generation or two and appear 
again. Bay and brown, varieties of the same 
colour, are now, as for many years past, the 
common hues of our Thoroughbreds ; and the 
predominance of bays seems to furnish evidence 
in support of the theory that the colour of the 
ancestral horse was bay. [w. a.] 
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Thoroughpin. — A soft fluctuating swell- 
ing at the upper and posterior part of the hock, 
beneath the great tendon (extensor pedis), is 
known by this name, and is a bursal enlarge- 
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ment. It may appear on one side only, but 
more frequently on both. Two kinds are dis- 
tinguislied — one by sprain and irritation of the 
tendon; and the other from similar conditions 
affecting the ti-ue hock joint, and often an exten- 
sion of the condition known as bog spavin. An 
excess of synovial fluid which must bulge where 
it can, and taking the line of least resistance, is 
a description which applies both to bog spavin 
and the two forms of thoroughpin, but they 
vary greatly in extent and degree. Lameness 
is so often absent that the enlargement is gene- 
rally observed without any histoiy of known 
sprain or trouble ; but some degree of stiffness, 
of heat in the part, and an attitude intended 
to favour the joint, must have been present at 
first. Although constituting technical unsound- 
ness it is often passed over by practical horse- 
men, as it may remain about the same foi' years, 
while the animal continues to work sound. As 
a rule, however, it increases. Blistering gene- 
rally confers benefit, both at the time, by some 
reduction of the swelling, and subsequently, by 
thickening the skin and strengthening the parts. 

[h. l.] 

Thousand-headed Kale. — The atten- 
tion of agriculturists was first drawn to tliis 
valuable fodder crop by the late Mr. Robert 
Russell of Horton Kirby, Dartford, Kent, in 
1876. Mr. Russell drew special attention to 
its luxuriance and adaptability for all kinds of 
soils, and also to its importance, as both a spring 
and autumn fodder. He recommended it to be 
sown in April for August consumption, and in 
August for April consumption — a sj'stem which 
provides an ample amount of fodder at two 
critical periods of the year. So completely has 
the name of the introducer of this crop become 
identified with it, that to this day the most 
approved seed is described as Russell's stock. 

Thousand-headed Kale belongs to the class 
of open-headed cabbages. The distinguishing 
title ' thousand-headed ' refers to its numerous 
buds at the axils of every leaf, which branch 
out during the development of the plant and 
form a dense globular mass of foliage. It is in 
some respects similar to rape, but the leaf is 
more cabbage-like, being oval and less lyrate in 
form, besides being of a lighter-green colour, 
and free from the blue-green or glaucous tint 
of rape. It grows very vigorously, often rising 
(before flowering) to such a height that a man 
can put the leaves between his teeth without 
stooping. It attains its maximum development 
on good land, after having been singled, but it 
may be grown on poorer classes of land. In 
the latter case it is better left unsingled, and 
when so grown forms a solid mass of vegetation 
particularly suitable for ewes and lambs. It 
may also be mixed with rape or white turnips 
on high-lying ground, with excellent results. 

The roots are very strong and 'fangy', espe- 
cially after the crop has been singled, and this 
constitutes an objection, although easily over- 
come. The same tendency also probably accounts 
for the plant being thought less suitable as a 
preparation for corn than rape, as the roots 
carry off a considerable amount of fertilizing 
matter when removed, as they almost must be. 



The depth and strength of the roots enable the 
plant to produce a second or even a third crop 
after folding, and it has been said to be even 
capable of standing for an indefinite time, pro- 
ducing folds for sheep at intervals, during its 
occupation of the ground. It is extremely hardy, 
and successfully resisted the intense frost of 
1895, when even rape died, and swedes rotted. 
The cultivation is exactly the same as for rape, 
and 3 cwt. per acre of superphosphate drilled 
with the seed is sufficient manuring. Like all 
crops, it is benefited by a dressing of dung. 
Three pounds of seed are usually drilled, in rows 
from 18 to 27 in. apart. [j. Wr.] 

Threadworms (Nematoda), a class of 
worms with the following general characters. 
The body is unsegmented, 
more or less thread-like or 
stringlike, cylindrical in 
cross section ; the skin is 
covered with a smooth or 
slightly ringed cuticle, 
often thick, usually unpig- 
mented, and in many cases 
subject to moulting; the 
muscular .system is well 
developed and consists of 
elongated muscle-cells ar- 
ranged longitudinally, and 
often leaving two free 
' lateral lines ' ; a nerve ring 
round the gullet gives off 
nerves forwards and back- 
wards ; the sensory system 
is represented by papillfe 
round the mouth ; the ali- 
mentary canal is usually 
well developed ; there is no 
vascular system nor respi- 
ratory system ; two lateral 
excretory tubes open far 
forward by a single pore ; 
the sexes are usually sepa- 
rate, the males are often 
much smaller tlian the 
females; the life-history is 
in many cases very intri- 
cate. Many of the Nema- 
todes live in water (fresh and salt), damp earth, 
and decaying organic matter ; the others are 
parasitic during part or the whole of life. Of 
the latter, some are free as larva? and parasitic 
as adults, e.g. Tylenchus and Strongylus ; others 
are parasitic as larvse and free as adults, e.g. 
Mermis ; others are parasitic throughout life, 
and in most cases require two hosts. The follow- 
ing representative types may be noted : Ascaris 
megalocephala from the horse, Oxyuris curvula 
from the horse, both in the family Ascaridse ; 
Strongylus in horses, cattle, sheep ; Eustrongyhis 
gigas in the kidney of the horse, Dochmiuji cernua 
in sheep and goats, Syngainus trachealis causing 
gapes in poultry — all in the family Strongylidre; 
Trichocephalus ajfinis in sheep, Trichina spiralis 
in rat, pig, man, and other hosts, both in the 
family Trichotrachelida? ; Filaria immitis, the 
cruel worm in dogs, Spiroptera reticulata, round 
tendons and muscles in horses, both in the 
family Filariidai; Mermis, that creeps out of 
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grasshoppers, caterpillars, and other insects 
when mature, and creeps up the stalks of plants, 
a type of the family Mermithidfe ; Tylenchus 
tritici, causing ' ear-cockles ' in corn, Heterodera 
iSchachtii, causing beet-sickness, Anguillula aceti, 
in decomposing vinegar and paste — three ex- 
amples of the Anguillulidie. See Ascaris, 
Gapes, Nematodes, Strongylus, Trichina, &c. 

[j. A. T.] 

Threshing, or the separating of the grain 
from the ear, is now almost entirely done by 
power-driven machines. The flail is now rarely 
used except for threshing small quantities, where 
it would not be worth while going to the ex- 
pense of getting the aid of a thi'esbing machine; 
or for procuring pure stocks for seed puiposes ; 
or, as in the case of peas and beans, to avoid 
the splitting which machines are liable to cause, 
and thus render them unfit for sowing. The 
tlail (see Flail) is a very efi'ective tool when its 
weight and simplicity are considered, but unless 
corn is very bold and in good condition the 
threshing is not so thorough as when done by 
a modern machine ; on the other hand, the 
straw is much better appreciated by animals, 
and makes better fodder. Hand-power thresh- 
ing machines have never been used to any gi'eat 
extent, as the output is .small, and the flail is 
sufficiently etiective to deal with small quanti- 
ties. Treadmills made to operate by means of 
an endless staircase, or rotary steps, and turned 
by the weight of men or horses, have been used 
to supply power, but few aie in use. Horse 
power has been very extensively used in connec- 
tion with horse gears, and where holdings are 
small and the farms not easily accessible to 
heavy sets of steam tackle, they still obtain to 
some extent, though the introduction of light 
oil engines is fast setting them aside. Horse 
gears practically necessitate a fixed threshing 
machine owing to the need of otherwise putting 
down a fresh horse - walk and removing the 
machine, which entail a considerable amount of 
trouble ; all corn to be threshed has therefore 
to be taken to one place, which is not always 
convenient or economical. Water power, where 
it exists conveniently, is valuable and reliable, 
and cheap to use. It possesses the same draw- 
backs as horse gears in respect to its being a 
stationary power ; but after a plant is once in- 
stalled, the expense of its upkeep is very small. 
Wind power is too intermittent and unreliable, 
otherwise it would compete closely with water. 
Electricity has as yet been little used, and until 
.some more simple means of employing it is 
found, is not likely to be made use of to any 
great extent for threshing. Internal-combus- 
tion machines, eithei' fixed, portable, or in the 
form of motor tractors fitted with a driving 
pulley, are now fast gaining popularity on the 
farm, and cannot fail to largely supplant steam 
engines for threshing purposes. 

Except where the machines and corn are under 
cover, threshing is e.ssentially work which re- 
quires to be done in fine weather; as the corn 
comes out more readily, is in better condition, 
and opened ricks are not .spoiled through in- 
sufficient covering, as is often the case when 
rain stops threshing before a stack is finished. 



In working a machine capable in ordinary cir- 
cumstances of doing eighty or more sacks of an 
average crop of wheat in a day, the following 
hands are required. Engine driver, feeder, 
2 men on stack, 1 cutting bands, 2 on straw 
stack if elevator is used (if an elevator is not 
used and the straw is stacked close to the beaters, 
4 or more as the size and height of the stack 
require ; or if the straw is tied by a single straw 
band, 1 man and lad making bands, and 2 tiers 
additional) ; 1 man at sacks, 1 at chafl', 1 at 
cavings (the caving man should help load sacks 
of corn on to carts), 1 water and coal cart, 
1 carting away corn. Boys or lads may take 
a man's place in the lighter jobs. Loose corn 
requires an additional man on the stack. If 
corn is carted from a distant stack, an extra 
man is required to empty the load on to 
the machine. However, in an ordinary case 
12 hands aie required. As the work calls to- 
gether a considerable number of hands, it is 
important to see overnight that all is in readi- 
ness to commence as soon as the steam is up. 
Sacks, coal, water, water tub, and ordinary tools 
should be in readiness, or valuable time will be 
lost. 

Clover-seed threshing is important work in 
some districts; and its success depends much 
on the dryness of the stack and of the weather. 
The getting of the seed requires two opera- 
tions: (1) the threshing of the haulm carrying 
the seed heads to knock off the heads and break 
them up, so that the cob (parts containing seed) 
are easily sifted out; and (2) the rubbing, hull- 
ing, or drawing where the seed is rubbed clear 
of the pods and chaff, which are then blown 
out, leaving a roughly clean sample of seed. 
Generally two separate machines are used ; but 
there are machines with the combined parts to 
thresh and rub which work with efficiency. If 
the cob is stored, great cai'e must be taken that 
it lies lightly; and the heap should always be 
made (under cover) by gently emptying the 
skeps or fans from above. Rubbing should be 
commenced as soon as possible. Where com- 
bined machines are used, there is the disadvan- 
tage that the threshing must be regulated by 
the rate at which the clover can be rubbed, and 
this is very variable. 

Turnip seed, and seed of other cruciferous 
crops grown on the farm, are rarely threshed 
by machine; iron field rollers drawn by horses 
being run ovei' wads of the haulm laid on big 
sheets in the field. On turnip seed -growing 
farms as many as twenty-five hands are com- 
monly employed at once in threshing and clean- 
ing on the cloths, and it is carried out with a 
smartness which exceeds any work done on the 
farm. Mangold seed is more commonly threshed 
by machine. [w. j. m.] 

Threshing iVIachinery.— The essential 
parts of a threshing machine are a rotary drum 
fitted with fixed fluted beaters, and an adjustable 
open barred concave partly encasing it ; all other 
parts are designed to clean the grain, and make 
other convenient separations. Crude methods 
had been designed to beat the straw and ears 
so as to set free the grain ; and even a series of 
mechanically actuated flails had been tried ; but 
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it -was not until Andrew Meikle of Whitekirk, 
East Lothian, patented his revolving drum 
working in a concave, in 1788, that anything 
of practical value was evolved. This is one of 
the most notable and most valuable inventions 
yet produced. Meikie's machine was successful 
where its predecessors were not, because it com- 
bined both a striking and a rubbing action. 
All threshing is now done on this principle in 
which the squeezing action plays so great a 
part. Meikie's principle separated the straw 
from the corn by means of a jogging screen ; 
and used two blasts, the first blast separating 
the chaif, and the second freeing the grain, 
after passing through a hummeller, from im- 
purities. There were therefore the elementary 
foundations iot the cleaning parts which are 



found in the ' finishing ' machines of to-day. 
The modern straw shaker, where the straw is 
received on a series of long slatted arms placed 
parallel on cranks which produce a somewhat 
peristaltic action by giving them a throw which, 
whilst going forward, causes each to alternately 
rise and so lift the straw onward, and whilst 
going backward to sink, so that it does not 
hinder the forward motion of the straw, was 
invented between 1829 and 1837, Docker of 
Findon claiming the first date, and Eitchie of 
Melrose the later. The threshing machine, 
which is also spoken of as the drum, the barn 
part, the mill, the thresher, &c., in various dis- 
tricts, is now capable of handling a crop in such 
a way that, whilst making all needful separa- 
tions in connection with the straw and foreign 




Fig. 1. — Sectional View of FiniBliing Threshing Machine (Brown & May, Ltd.) 

A, Unthreshed Com. B, Straw, c, Casings. D, Chaff. E, Chobs. F. Corn. G, Finished Grain. H. Dust. 
1, Drum. lA, Concave. 2, Shalters. 3, Upper Shoe. 4, Caving Kiddle. 5, Chaff Riddle. 6, Chob Riddle. 
7, Seed Sieve. 8, First Blower. 9, Com Elevator. 10, Awner and Polisher, 11, Conveyor Worra. 12, Back 
Blower. 13, Separating Screen. 14, Corn Spout. 15, Second Dresser. 16, Third Dresser. 



matter, it turns out a sample of corn so well 
dressed that it is fit for market ; though more 
simple machines are still made which, whilst 
effecting good threshing, do not aim at making 
a market sample, nor are they so complete in 
theii- other separations ; they are, howevei-, gene- 
rally constructed to be worked by small power, 
such as hand, horse, or small engine. 

The working parts of the threshing machine 
are to a great extent encased, and the process 
of a sheaf through it is not easily followed. 
The illustration (fig. 1) is a sectional view of 
Messrs. Brown & May's finishing machine, which 
shows the order adopted in the best machines. 
To make it more easily understood, it has to be 
recognized that after the sheaf is broken up and 
threshed, which is done as it passes through the 
drum and concave, the straw passes along the 
shakers and falls out at the front of the ma- 
chine. No further heed need therefore be taken 
of the straw. All the remaining materials go 
on to the cavings screen ; and the cavings are 
expelled and therefore are finished with. The 
smaller material left behind is chafl', corn, and 
small rubbish. When the chaff meets a blast, 
it is blown out; consequently, there remains 



nothing but the grain and its heavy impurities, 
so that, from this stage.all operations are directed 
towards the cleaning of the grain. 

The details of the process from the commence- 
ment are, that the sheaf is led into mouth of 
the machine, and is dragged in by the revolving 
drum, 1, the beaters of which are fluted, so that 
whilst exercising force to beat, and rub against 
the bars of the concave, 1a, they allow the grain 
to adapt itself in the indentures so that it is not 
crushed, as it would be if brought violently be- 
tween two hard surfaces. The threshing is com- 
pleted whilst passing through the drum and con- 
cave, much of the corn falling directly downwards 
towards the caving riddle, 4 ; the other passes 
along with the straw to the shakers, 2, whei-e it 
is shaken through with the cavings, chaff, and 
other small material to the upper shoe, the straw 
passing out at the front. The upper shoe, 3, is 
a reciprocating receiving board which shakes 
back anything which falls on to it towards the 
middle of the machine, where it falls on to the 
caving riddle, 4, which reciprocates in such a 
way that it sifts through anything that will 
pass through its perforations, but carries the 
remainder, the cavings, forward, where they 
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fall under the straw ; the chaflf aud corn fall 
through on to the lower shoe, another recipro- 
cating board, which works them towards the 
middle of the machine again, where they fall 
on to a series of sieves, 5, 6, and 7, meeting 
there a blast of air fi-om the fan 8, which blows 
out the chaif, and leaves nothing but grain and 
heavy small material behind: thus the stage is 
reached where subsequent operations are con- 
fined to the cleaning of the grain. Eiddle 5 is 
the chaff riddle ; 6 the chob riddle, which takes 
oft' poppy and thistle heads, pieces of stick, &c., 
which have reached this point ; but it allows the 
small heavy seeds and particles of dirt to pass 
thi'ough on to 7, the seed riddle, which holds up 
the grain, but allows small seeds such as Char- 
lock and Dock, and dirt of similar and smaller 
size, to pass out at H. This constitutes the first 
cleaning. In connection with the operations 
after the short material passed through the 




openings in the shakers, it may be noticed that 
the upper shoe, caving, and riddle, lower shoe, 
the chaff riddle, and the series of sieves below, 
are so suspended on ash hangers that, in spite 
of their great size and weight, they are actuated 
with little effort. If these parts oscillated in 
guides, which would cause great friction, espe- 
cially in such dusty surroundings, they would 
consume much power; however, the suspension 
allows motion without friction, and with much 
ease. 

The corn having received its first cleaning 
when it passes over the seed sieve 7, is shaken 
down the shaker shoe into the bottom of the 
case enclosing the corn elevator, to undergo 
further cleaning. The elevator is a continuous 
belt carrying dredging cups, and works over an 
upper and lower pulley. I'he corn is thus taken 
again to the top of machine at the rear of the 
drum, so that it may be dealt with in another 




Drum Guard, open 



Drum Guard, shut 



Fig, 2.— Safety Drum Guard 



cleaning section. It may be noticed here that 
the space within the threshing machine is 
divided into three sections — (1) the upper por- 
tion in front to eliminate straw and chaff, (2) a 
small section below 1 to the first dressing, (3) 
the space behind the drum to the second dress- 
ing and finishing. The corn leaves the elevator, 
9, to pass into the awner (hummeller or haler) 
and polisher, 10, a combination of beaters and 
chilled-iron disks running in a metal case with 
corresponding serrated rings, which take ofiT 
any chaff which adheres to wheat, or awns not 
broken from barley kernels, at the same time 
brightening the grain by rubbing. "When it is 
not necessary to use the hummeller, the corn 
passes direct to the second series of sieves by 
means of a conveyor worm, 11. A second blast 
is provided by a fan, 12, which operates upon the 
corn as it pas.ses over the sieves 15 and 16, and 
any rough material is blown forward, and by 
means of a guide is sent on to the caving riddle, 
4. The corn, f, is now practically clean, and 
passes to the rotary screen, 1.3, for final separa- 
tion. In this particular machine a third blower 
is used, being placed on the end of the awner 
spindle to remove any light particles which may 
have escaped ; this is brought to bear on the 
grain as it enters the rotary screen. The corn 



enters the cylinder of the rotary wire screen, 
and, in passing along, all those grains which are 
too large to fall through are conveyed to the 
other end, and drop into the corn spouts. This 
is the cleaned sample. The thin or tail grains, 
which fall between the bars of the screen, fall 
into the tail-corn spouts; those nearest to the 
entry naturally being the smallest, are the tail 
proper, and those falling later are known as 
seconds. This completes the whole operation ; 
but there are several special attachments which 
are used with more or less frequency to accom- 
plish specific purposes; most of these are sup- 
plied to the best types of machines. 

Ordinarily, feeding is done by a man standing 
in a sunk hole, the feed-hole running alongside 
the drum, where he is conveniently placed to 
control the feeding. Owing to the danger and 
the numerous serious accidents which prevailed 
when nothing was provided to keep the feeder 
from falling in, drum guards are now com- 
pulsorily provided. They are generally of such 
construction that if a man applies a portion of 
his weight the cover is brought over the drum, 
and accident avoided. Automatic feeders are 
increasingly used, and take various forms. In 
Wilder's automatic feeder the sheaves, after the 
bands are cut, are spread on the shaker boxes. 
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and carried by them under the vibrating fork, 
which feeds the corn evenly into the drum 
mouth. Messrs. Clayton & Shuttleworth com- 
bine the self-feeder with a sheaf elevator, band 
cutter, and a wind stacker, making an essen- 
tially modern machine. The Plate gives a 
good idea of the arrangement. The elevator 
is removable, and can be attached to either side 
of the machine; and the pitch is easily altered 
by means of the suspender. The band cutter 
has a series of knives on a spindle, which cut 



the band and spread the sheaf as it moves for- 
waid to the feeder. The feeder is fitted with 
an efficient governor to control the rate of feed, 
and feeding does not start until the speed of 
the threshing drum rises within 5 per cent of 
the normal rate. The windstacker is used much 
more abroad than at home. The straw falls into 
a laige fan revolving at high speed ; the fan is 
provided with a hooded spout through which 
the straw is blown and carried on to the stack. 
The threshing drum is made of metal through- 




Fig. 3. — Section through Patent Divided Blast 



out, instead of with steel fluted plates sitting on 
wood. This is practicable because the plates are 
flanged so as to give a big rubbing surface ; and 
being a smooth surface it threshes clean with- 
out unduly breaking the straw. The drum is in 
a fixed position ; consequently, to aff'oi'd oppor- 
tunity to regulate the distance between the 
drum and the concave, the latter has to be ad- 
justable, and is made in two parts having three 
independent adjustments. Loose corn requires 
a wider feeding mouth than sheaved corn, and 




Section through Adjustal)le Barley Awner 



the adjustments allow this to be provided for. 
Indicator plates at the side of the machine pro- 
vide I'eady means for accurate adjustment. The 
arms or boxes of the straw shakers are carried 
on a single or double crank ; preference may be 
given to the double because they are more easily 
balanced and the straw is more vigorously acted 
upon over the whole surface. Check boards are 
placed over the shakers to prevent grain being 
thrown out by the force of the beaters. The 
riddles are perforated in a special manner, with 



the under side of the perforations broadest, to 
allow the material to pass through freely and 
avoid blocking. The illustration shows the 
method of arranging the caving riddle and the 
sieves in the first dresser, together with the 
fan and the direction of the blast. The corn 
riddles are changeable to suit the nature of the 
crop being threshed. The adjustable barley 
awner, comprising the helical blades and polish- 
ing bars, is shown ; and the degree of polishing 
can be regulated by moving them so that they 
approach nearer to or farther 
from the narrow end of the 
conical casing ; provision for 
eflFecting which is made by 
the small hand wheel work- 
ing a threaded screw. Much 
harm is often done by not pro- 
perly regulating this attach- 
ment, especially in the case of 
barley, where too hard rub- 
bing skins the kernel so much 
that it becomes useless for 
malting purposes, as it will 
not germinate. ' 

The rotary screen is so con- 
structed that the space be- 
tween the wires throughout 
its length can be adjusted to 
screen small seeds or anything 
up to the size of peas. This 
is effected by means of a screw contained in the 
hollow shaft or spindle, adjusting springs inside 
the mesh causing the wire to expand evenly at 
all parts, according as the setting screw gives 
space. Round wire has been used, but wire 
with a somewhat truncated pear-shaped section 
is better as being less likely to block. 

It is now pretty general to attach a chaff 
bagging attachment to machines, instead of 
allowing the chaif to fall to the ground ; and in 
many cases this is advantageous. Straw ele- 
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vatora, introduced in 1853, are included in all 
sets of threshing tackle, and tend to increase the 
quantity of work done daily. Their chief objec- 
tions are that they are heavy, costly, and liable 
to get out of repair quickly — unless carefully 
tended — and to harbour dust in the trough, 
which on wetting becomes mud and causes 
rapid decay. In America light elevators are 
attached to the framework of the machine, 
hinged so as to easily fold back over the drum 
for transit ; and this is better than the heavy 
stackers in common use in Britain. On farms, 
however, the stackei- is generally needed for 
stacking coi-n or ha_y during harvest, conse- 
quently there is not the inclination to purchase 
the two kinds. It is not uncommon now to 
attach a straw trusser to the machine, so as to 
take the straw from the shakers, and bind it 
for transport. Double-string trussers are use- 
ful, and commonly used. Single-string trussers 
are available, and are useful for many purposes 
on the farm, but the trusses are not sufficiently 
neatly or securely bound for rough transport. 
The trusser is an adaptation of the principles 
of the sheafer and binder of the corn binder. 
Where straw is needed for export the baling 
press is a useful adjunct. One of the most use- 
ful attachments is the chaff cutter, but it is 
necessary to employ the large five- or six-knife 
machines, as the straw has to be chaffed as fast 
as it can be passed through the thresher. See 
Chaff Cutters. 

A clover-rubbing drum, the essential part of 
which is a revolving core with helical edges 
working in a conical concave, is attached to 
some threshing machines. Until compaiatively 
recent years a solid core was used ; but this is 
found unnecessary, and a hollow, helically ribbed 
core is more effective. The huUer, rubber, or 
drawer is used to rub out the seed from the 
pods, which with other parts of the seed-head 
form the cob. [w. j. m.] 

Thrips, a remarkable group of insects for 
which a separate order, Thysanoptera, has been 




Thrips 

1-4, TkHps cerealimn; 5-8, V. mimrti^uma (both natural 
size and niagnihed) 



constituted. They are of small size, with four 
narrow fringed wings, elongate bodies, and feet 
ending in sucking disks, whence the German 
name Bladder-foot. They are sometimes popu- 
larly known as Black-fly, or Thunder-fly. The 



larvse resemble the adults except in colour and 
in the absence of wings. They injure plants 
by sucking the sap, and their very small size 
makes them difficult to deal with. They are 
sometimes very troublesome in hothouses, and 
a few outdoor crops are particularly liable to 
attack. The best-known species is Thrips cerea- 
liuvi (Hal.), an active little black insect, which 
resides in the spathes and husks of wheat and 
rye in June, causing the grain to shrivel, and 
at an earlier period effecting the absorption of 
the ear, by puncturing the stems above the 
joints, being most injurious to late-sown wheat. 
In the laival state they are deep-yellow. 

T. minutissima (Linn.) lives beneath potato 
leaves in the summer, and subsists upon the 
sap. It is of a pale-yellow colour in all its 
stages. 

Another very destructive species is the Pea 
Thrips, T. pisivora, which attacks the develop- 
ing pods, greatly disfiguring them, and in bad 
cases ruining the crop. The larva is yellow 
with a black tail, but the mature insect is black. 
The eggs are laid in the substance of the stamen 
sheath in the pea flower. [j. c] [c. w.] 

Throat, Diseases of. — The various throat 
affections to which farm live stock are liable 
are fully described in the arts. Laryngitis ; 
Catarrh ; Roaring and Whistling ; Hoose ; 
Tuberculosis. 

Thrombosis. — A clot of blood in a vessel, 
more often a vein than an artery, is known as 
a thrombus, and the condition as thrombosis, 
when it more or less completely obstructs the 
canal. It follows upon accidents and injuries 
where coagulation results, and the clot is carried 
into a vessel and arrested by a valve or by 
reaching one in which its further passage is 
impeded by the smallness of the channel. Clots 
following on parturition are perhaps the most 
frequent, and give rise to lameness behind, 
through plugging of a vessel of supply to the 
limb. A clot from an injured ear has been 
known to cause plugging in the lungs, and 
thrombosis and pneumonia. Thrombi are not 
often within the range of treatment, but there 
is a tendency to fatty degeneration and giadual 
absorption, with restoration of function as the 
obstruction disappears. [h. l.] 

Thrush is the name given to a discharge 
from the cleft of the frog of the horse's foot, 
often extending to its whole substance. It con- 
sists of degenerate horny material and has a 
very obnoxious odour. It is caused by imper- 
fect secretion of the horn papillte, and is seldom 
seen in unshod horses with frogs, which have 
their share in bearing the animal's weight and 
are consequently functionally active. The rais- 
ing of the frog from the ground by a rim of 
iron attached to the crust is a physiological 
crime, but an economic necessity. It throws 
the frog out of woik ; atrophy and degenera- 
tion follows, and then the falling-in of the heels, 
or so-called contracted feet. 'Wired in' is the 
term given by farriei's. The true remedy is to 
restore frog pressure. With the carriage horse 
this is done by a variety of rubber and leather 
pads. Blacksmiths should be instructed to re- 
move no pait of the frog or sole save ragged 
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or exfoliating portions. Provided the shoes of 
the general-utility horse are not 'growing in' — 
pressing on the seat of corn — he derives benefit 
from wearing them until they become thin and 
permit the frog to come more in contact with 
the ground. The hunter and the farm horse 
get some assistance from going over the soil. 
SUmding in stale litter on bad floors doubtless 
contributes to causing thrush. Calomel dusted 
into the fissures, or a nightly dressing of 5 parts 
Stockholm tar to 1 of table salt, is curative, as 
are all metallic salts in solution, but they dry 
up the foot instead of restoring the function 
of the frog ; and it is to the measures above 
advocated we would specially call attention. 

[H. L.] 

Thuja, a genus (including Biota and Thu- 
jopsis) which comprises about a dozen species 
of veiy ornamental, hardy conifers, the foliage 
of some of which changes to brown in winter, 
becoming green again in spring. The leaves and 
cones are small. The most valuable species for 
planting are: T. dolabrata, Japan, which forms 
a large tree, and has shining leaves. There is a 
variety variegata marked with creamy yellow, 
and another of dwarf habit (nana). T. gigantea, 
Eocky Mountains, a handsome fast - growing 
tree, somewhat fastigiate in habit, and well 
adapted for avenue planting, or to form a screen. 
It attains to 150 ft. in height, and there are 
several varieties. T. japonica, Japan, an orna- 
mental shrub of erect conical habit. T. occiden- 
talis, American Arbor- vita?. White Cedar, height 
40 ft. to 50 ft.; introduced from North America 
in 1598. There are sevetal varieties, including 
a Siberian form. T. orientalis {Biota on'entalis), 
Chinese Arbor-vitfe, a low tree or pyi"amidal 
bush which is very variable. It is one of the 
best ornamental shrubs ; aurea, japonica, com- 
pacta, elegantissima, meldensis, pendula, and sem- 
peraiirescens are all good forms. The species 
of Thuja are raised from seeds sown in spring 
under glass. Cuttings of half -ripened shoots 
taken in summer readily root in heat or in a 
shaded frame. The forms are commonly grafted 
on seedling stocks. These trees thrive in almost 
any soil, but it should not be very wet or poor 
in quality. [w. w.] 

Thyme. — Two species of Thymus (nat. ord. 
Labiatit') are cultivated in gardens for their 
aromatic leaves, which are used in soups and 
stuffings. These are Common Thyme (T. vui- 
yanx), of which there are narrow- and broad- 
leaved varieties; and Lemon Thyme (T. serpyl- 
lum or Citriodorus vulgaris), which has a creeping 
habit. Thyme is usually grown as an edging 
plant, for which purpose it should be replanted 
every three or four years. Plants are generally 
raised from seeds sown in April in finely pre- 
pared soil, either where they are to stand or in 
a seedbed, being eventually transplanted to from 
4 to 6 in. apart. Thyme is also readily increased 
' by division in March or April, tliis being the 
best method with Lemon Thyme; or liy cutting 
or layering. A light, rich, well - drained soil 
and warm position are best foi' the plants. The 
branches are cut just before coming into flower, 
and hung up in an airy place for use when 
required. [w. w.] 



Ticks. — These acarina have been long known, 
the dog tick being mentioned by Aristotle. 
Kecent investigations have established the fact 
that quite a number of diseases are tick-borne. 
Eedwater and Texas fever, whether varieties 
of the same disease or not, have been traced to 
inoculation by ticks which have themselves been 
infected. The males and the nymphs feed upon 
pus or other products of the inflammation tliey 
cause by biting, but the females suck blood and 
in the act infect their hosts. The disease is 
carried to the next generation although they 
have not had contact with an infected animal. 
The reader is referred to the arts. Texas Fever 
and Redwater. The means of eradicating them 
from infested pastures is dealt with under Texas 
Fever and Redwater. See also Ixodes. 

[H. L.] 

Tiger Moth, a brilliantly coloured moth 
whose larva; cause much destruction on garden 
plants and moths. See Arctia. 

Tillage. — Under the expression 'tillage' 
(which Johnson defines as 'husbandry') a large 
number of operations might be included. It is 
difficult to separate current acts of tillage from 
drainage, subsoiling, or clay-burning, as all of 
them improve the physical, or mechanical, con- 
dition of the soil. The term is, however, com- 
monly restricted to operations which take place 
in the ordinary course of crop cultivation ; but 
' tillages ', as understood by valuers, is more 
elastic, and may include processes which aie 
not performed by implements. A schedule of 
tillages might, for instance, contain an allow- 
ance for the consumption of a root crop upon 
the land by sheep ; a dressing of dung, or of 
artificial manure, or the residual value of clover 
or sainfoin root, left for the benefit of an in- 
coming tenant. There are other operations, 
which, although of similar nature, appear under 
other headings, such as liming, chalking, marl- 
ing, and boning. These may or may not have 
been immediately applied to a recent or stand- 
ing crop, and are more conveniently scheduled 
under 'compensation' for unexhausted improve- 
ments, or it may be for cake and purchased 
foods consumed on the holding. 

Tillage may therefore be regarded from two 
points of view. First, as a general terra for 
acts of husbandry such as ploughing, harrowing, 
and rolling ; and, secondly, as including every 
process which fits the ground for producing 
better crops. In this latter sense tillage may 
properly be considered as ' husbandry ', but, as 
understood by valuei-s, it is restricted to opera- 
tions preceding a particular crop. Tillages, as 
an asset of a sitting tenant, are usually barred 
by the realization of the crop to which they are 
applied. Thus no tillages are allowed on a corn 
stubble, or after potatoes, or after any crop sold 
oflF the land. There are, however, half-tillages, 
as when a root crop has been consumed and the 
residual benefits still remain ; and these half- 
tillages are recognized by all valuers as con- 
stituting valid claims. Tillages, however, gen- 
erally lefer to the current expenditure of the 
year ; and back-tillages, of a durable character, 
are more properly classed under the head of 
compensation. [j. Wr.] 
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Tillering is the term applied by agricul- 
turists to the process of branching whereby 
many leafy shoots are produced from a single 
grass 'seed'. At first, when the 'seed' ger- 
minates, there is but one shoot derived from 
the plumule bud of the embryo plant. Later, 
new buds are produced in the axils of the 
ground leaves of this first shoot, and these grow 
up, becoming additional shoots. The new shoots 
repeat the pi'ocess, and so a tuft of many ground 
shoots is formed from a single ' seed '. In the 
case of cereals, the seeds are sown so thickly 




A, Young Barley Plant, showing— a, Blade of first green leaf; b, first 
sheathing leaf; c, seminal root«. B, Young barley plant at later stage 
than A, showing— a, first node ; b, seminal roota. c, Longitudinal 
section of B, at a. a. Terminal bud ; b, lateral bud (first tiller) ; c, 
sheathing leaf; d, adventitious root forming; e, Stem. 



that the plants have little chance of displaying 
their tillering powers. However, if the circum- 
stances are such that the plants stand thin on 
the ground, then the tillering power is more in 
evidence. New shoots are produced, and the 
ground becomes more thickly covered. In pas- 
ture formation, the tillering process is of prime 
importance, for on it depends the production of 
a tuft of grass, the formation of a close sward, 
the renewal of the grass as the shoots are eaten 
down, and the gradual filling up with the per- 
ennial grasses as the shortlived grasses die out 
(see Grasses). [a. n. m'a.] 

Tilletia, the botanical name of a genus of 
Smut-fungi or Ustilagineje. The species com- 
monest in Britain is Tilletia tritici, the Bunt 
or Stinking Smut of wheat, but other species 
are recorded as injurious to maize, barley, rice, 
other grasses, and sedges The presence of much 
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Tilletia smut renders fodder and grain unpala- 
table to animals, and poisoning is said to result 
from continued consumption. The spores of 
Tilletia are generally larger than those of the 
nearly allied Ustilago, but they are easily dis- 
tinguished if germinated in water (see fig. 10, 
art. Fungi). Thei-e may be consideiable varia- 
tion in the germination, but the usual course is 
that a short erect germ-tube is formed beai-ing 
a crown of six to twelve long slender sporidia 
(basidiospores). Some of these become con- 
nected in pairs by a cross-filament (like the 
ci'ossbar of the letter H), and from this 
arise smaller secondary sporidia each 
capable of conveying infection. The 
prevention and treatment of Bunt will 
be found in art. Wheat — Parasitic 
FUNQI. [w. G. s.] 

Tilth. — The crumbly condition of 
the soil necessary to secure a good tiltli 
is the result of having the clay, the oi- 
ganic matter, and the calcium carbo- 
nate in their best condition. The clay 
must be in a propei- flocculated state, 
brought about by the presence of cal- 
cium carbonate and organic matter; 
the organic matter must be thoroughly 
distributed all over the soil, and must 
be sufficiently decomposed. Soil or- 
ganisms, therefore, play an impoitant 
part — indeed some writeis asciibe to 
them the chief part. The calcium car- 
bonate must also be uniformly distri- 
buted. It is obviously necessary, be- 
fore producing a tilth, to break down 
the clods either by tillage implements 
or, better, by frost. The last stages in 
the process require considerable judg- 
ment: if the soil is too dry the labour 
is simply wasted, if it is too wet the 
tilth may be spoiled. Tilth is so diffi- 
cult to obtain on very stiff soils in our 
wet climate that they have commonly 
gone out of cultivation. The com- 
monest and most certain way of spoil- 
ing tilth is to deflocculate the clay. 
This is done by working the soil when 
wet, bringing up unkindly subsoil from 
below, and, on stiff soils, using man- 
ures like liquid manure or nitrate of 
soda, that leave alkaline residues in the soil. 
On the other hand, tilth is not injured by acid 
manures like superphosphate or ammonium sul- 
phate, and is improved by adding lime, basic 
slag, or organic matter like dung, ploughing in 
green crops, or, in suitable cases, feeding crops 
on the land. [e. j. r.] 

Timber. — The technical properties of timber 
depend mainly on its anatomical structure and 
its chemical composition, and are evidenced in 
its outward appearance, its material condition, 
and its relation towards external influences. 

1. As regards Anatomical Striicture, the woody 
parts of trees consist of: (1) woody fibres, (2) 
wood-vessels, and (3) wood-cells (except in some 
conifers). (1) The woody fibres are elongated, 
pointed at both ends, and thick-walled; and 
they are formed of hard tissue (sclerenchyma) 
with walls dotted with small pits, and of tubes 
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{tiaclieids) with large internal spaces (lumina), 
whose walls are dotted with large bordered pits; 
and sometimes there is also a suboidinate form 
of wood fibre shaped like true liard tissue, but 
filled with protoplasm, starch, and other sub- 
stances. (2) The wood -vessels, seen as pores 
on making a transveise section, are long narrow 
tubes closed at both ends, with thin walls and 
large lumina. (3) The wood-cells forming soft 
tissue (parenchyma) are thin -walled, more or 
less cubical, and mostly with fiattened ends ; 
and they are chiefly found near the vessels, 
where they store reserve nutrients (starch, &c.) 
for reproductive purposes (new foliage, flowers, 
and fruit, &c.), while the sap is conveyed through 
the woody fibres and the vessels. 

The wood of broad-leaved trees contains all 
three kinds of woody fibies, while that of coni- 
fers consists only of tiucheid fibres. Hence, the 
larger the relative proportion of liard tissue, 
the heavier, harder, and stionger is the wood 
of any given kind of broad-leaved tree; and the 
larger the proportion of thick-walled tracheids 
with small lumina produced during the warm 
summer weather, as compared with the thin- 
walled tracheids with large lumina forming the 
softer inner zone produced in spring, the heavier, 
harder, and stronger is the wood of any given 
kind of coniferous tree. In conifers, any wood- 
cells formed are found only around the resin- 
ducts in the Abietinea?, and are sparsely scat- 
tered throughout the tracheids in the other 
kinds. But both broad-leaved and coniferous 
trees have medullary luys, formed of wood-cells, 
extending radially from the central pith (or 
some annual ring near it) to the baik. These 
medullary rays serve partly for storing reserve 
nutrients in winter (for leaf production, &c., in 
spring), and their numbei' and size atfect the 
technical properties of timber. In conifers they 
are narrow and close, giving a sort of silky gloss 
to a thin transverse section ; but in broad-leaved 
trees they are usually more prominent, being 
largest of all in Oak, where they form the 
' flowering ' when planks are cut radially to 
show ' the silver side '. These rays are broadest 
in Oak and Beech, and highest in Oak and 
Alder; fairly broad in Ash, Elm, Maple, Syca- 
more, Plane, and Hornbeam; narrow in Alder, 
Birch, Cherry, Chestnut, Horse-che.stnut, Lime, 
and Robinia ; and almost indistinguishable in 
Willows and Poplars. The wood of conifers 
diffei's further from that of broad-leaved trees 
by usually having resin-ducts or tubular spaces 
surrounded by resin -producing cells without 
definitely constructed walls. These resin-ducts 
are not only found running longitudinally in 
the stem and branches, usually in the summer 
zone of wood, but also occur along the medullary 
rays. Both of these two kinds of resin-ducts 
communicate with each other, and the total 
quantity of resin stored up in the wood has 
a great influence on its technical properties. 

The width of each annual ring of wood varies 
with the soil and situation, and the amount and 
intensity of light during the growing period; 
and the annual rings are usually broader in 
young and middle-aged than in old trees, while 
they are always broadest near the butt of the 



stem ; but the best class of timber is that in 
which the breadth of the successive annual rings 
is fairly equal, and where the annual rings have 
a relatively broad dense zone of summer wood 
formed during the warmest time of the year. 

2. As regards Chemical Composition, green wood 
consists usually of about 50 to 75 per cent of 
woody substance, and 25 to 50 per cent of sap 
or water containing organic and mineral sub- 
stances in solution and suspension ; and even 
after being seasoned or air-dried, fi'om 10 to 12 
per cent of its weight consists of water. The 
framework of the woody fibres, vessels, and cells 
is cellulose (CgHijOJ, with a composition of 
about 44 carbon, 6 hydrogen, and 50 oxygen 
per cent, which during a process called ligni- 
JicatioH loses oxygen and absorbs more carbon 
along with nitrogen and mineral substances. 
But the elementary composition of the dry 
woody substance varies only slightly in different 
woods, the rough average consisting of the fol- 
lowing percentages: 50 carbon, 6 hydrogen, 42 
oxygen, 1 nitrogen, and 1 ash or incombustible 
mineral substances consisting chiefly of lime, pot- 
ash, magnesia, and phosphoric acid, the amount 
and composition of which vary, of course, ac- 
cording to the kind of tree and the soil, situa- 
tion, and climate. The organic and mineral sub- 
stances in solution or suspension in the sap are 
parts of the cell-wall or products of its trans- 
formation, and include protein or nitrogenous 
matter, carbohydrates, and glucosides ; oils, 
resins, and aromatic substances; tannic, oxalic, 
and other acids; and dyestuffs; and these com- 
bine to give the diff'erent parts of the tree, and 
especially the heartwood, their own peculiar and 
distinctive colour, aroma, and properties. Some 
trees form a haider and darker-coloured heart- 
wood of inert tissue, which is heavier, moie 
thickly stored with organic and mineral sub- 
stances, and more durable than the younger 
zone of sapwood, in which sap can still ascend 
(see Heartwood and Sapwood). 

3. The Ornamental Properties of Timber are its 
colour, lustre, grain, texture, and marking, and 
sometimes also its odour or aroma {e.g. Camphor- 
wood). When green or freshly sawn, timber is 
lighter in colour than when seasoned and long 
exposed to the air. AVoods used for ornamental 
purposes, such as furniture, wainscoting, &c., 
are chiefly selected on account of their colour, 
texture, and marking; and the coarser the grain 
of the wood, the moie the texture and the mark- 
ing are displayed (as in Ash and Mahogany); 
while the greatest variety of marking is shown 
on a radial section fully exposing the medullary 
rays {e.g. the 'flowering' of Oak). Forked 
growtli and abnormal ' buir ' excrescences in- 
crease the value of timber for ornamental pur- 
poses, though depreciating its value for building 
and construction. There is, however, a fashion 
in woods; and many beautiful tropical and sub- 
tropical kinds of timber can onlj' be sold pro- 
fitabl}' in Britain under some fictitious name like 
' Australian Teak ' or ' Canadian Mahogany ', 
suggestive of well-known woods long in demand, 
and to which they bear some resemblance. 

4. The Phi/sical Properties of Timber, upon which 
its mechanical properties are directly dependent, 
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and which are therefore of far more importance 
than mere outward appearance, are: (1) its den- 
sity and weight, (2) the amount of water it con- 
tains, or the extent to which it ia seasoned, (3) 
its relation towards drought and moistuie, as 
evidenced in shrinking, cracking or splitting, 
warping, and expanding, and (4) its freedom 
from defects and unsoundness. All these physi- 
cal propeities are continually acting and react- 
ing on each other; for the dryness or moistness 
of the wood afiects its density or specific weight 
as well as its total volume, and also the direc- 
tion in which shrinkage and expansion take 
place under dry and moist conditions of the 
atmosphere. 

(1) As regards density and weight, the specific 
weight of the pure woody substance (exclusive 
of lumina and other hollow spaces) is in our 
woodland trees on the average about 1'5 both 
for heartv.'ood and sapwood ; but the specific 
giavity per cubic foot of wood varies greatly for 
ditferent kinds of trees ; while for any given 
kind it also varies greatly in the green and the 
seasoned conditions. For technical purposes it 
is only the seasoned weight that is impoitant, 
as green timber is not used. Oak, Ash, Beech, 
Hornbeam, Maple, Elm, and Eobinia are heavy 
woods (sp. gr. 0'7 and above); Sycamore, Chest- 
nut, Plane, Birch, and Larch are of moderate 
■weight (0'6 to 0-7); while Horse-chestnut, Alder, 
Douglas Fir, Pine, Spruce, Silver Fir, Willow, 
Poplar, Lime, Thvja gigantea, and most other 
conifers are light (0'4 to 0'6). 

(2) As regards moistness or dryness, green timber 
on the average contains sap or water to about 
one-half of its total weight (42 per cent in hard- 
woods, 52 in softwoods, and .57 in conifers); and 
it still retains water to about 10 per cent of its 
weight when thoroughly seasoned (8 to 10 in 
broad-leaved, and 10 to 12 in conifer wood, or 
more if very resinous). To save time and money 
the more valuable kinds of furniture woods 
are now usually dried in hot-air chambers, as 
this does not affect their strength; otherwise 
seasoning takes two to four years for barked 
logs, and splitting and warping are likely to 
occur if logs are sawn into planks before sea- 
soning. 

(3) As regards relation to u-ater, upon which 
shrinking, cracking, .splitting, warping, and ex- 
pansion depend, wood shrinks more or less in 
seasoning and thus tends to warp, the dense, 
slow-drying heartwood shrinking more gradu- 
ally than sapwood, and resinous conifer wood 
more gradually than that of broad-leaved trees. 
But the specific weight of wood gives no indica- 
tion of its liability to shrink or warp. Lime, 
Beech, Hornbeam, Elm, Chestnut, Birch, and 
Alder shrink most, and pedunculate Oak and 
conifers least. Shrinkage is least longitudinally, 
greater radially (about 6 per- cent), and greatest 
tangentially (about 10 per cent); and it is this 
want of uniformity in the rate of shrinkage that 
occasions warping, cracking, and splitting. The 
more rapid the shrinkage, the greater the ten- 
dency to warp, crack, and split; hence summer- 
felled timber is uKjre likel}' than winter-felled 
to do so, and barked logs crack and split more 
than those left with bark on (which in conifers 



would lead to bark beetles breeding in large 
numbers). Practically, in proportion as wood 
shrinks in seasoning, it swells or expands again 
by absorbing water in a damp state of the air; 
and this nmst be allowed for in construction 
with timber. 

(4) Defects in timber are due to abnormal ana- 
tomic structure and other conditions, and include 
branch knots, twisted fibre, wound-surfaces and 
rind-galls completely covered, and shakes of 
various kinds (simple or star-shaped heart- 
shakes, frost cracks, cup- or ring-shakes), which 
all depreciate the value of timber for technical 
purposes. 

(5) Unsoundness is due to fungus disease. The 
chief kinds of unsoundness are canker, red-rot, 
white-rot, white-piping (Oak), and blueing of 
conifers (especially Scots Pine); but root- rot, 
branch -rot, and stem -rot are common in old 
trees growing on unsuitable or imperfectly 
drained land. And even after it is converted 
and used in construction, timber, especially if 
only partially seasoned or in a damp place, is 
liable to be attacked by dry-rot (due to Merulivjs 
la(yrymans) and other saprophytic fungi. 

5. The Mechanical Properties of Timber are of 
the first importance, as they govern its relation 
to external influences. They include strength, 
elasticity, flexibility, toughness, fissibility, hard- 
ness, and durability. 

(1) Strength in timber is the resistance offered 
to any force tending to separate its fibres, 
whether applied longitudinally as if pulling the 
fibres apart {tension), or pressing them together 
{crushing), or at right angles to the grain (trans- 
verse pressure or breaking - strain), ov so as to 
twist the fibres {torsion), or more or less parallel 
to the grain so as to displace and separate the 
fibies sideways {shearing). The breaking-strain 
is by far the most important in timber used for 
construction. Of our British woods. Oak, Ash, 
and Larch stand this pressure best; then other 
hardwoods ; and sapwoods and very resinous 
conifer timber least (though Spruce better than 
Silver Fir, and Silver Fir better than Scots Pine); 
but any defect or unsoundness weakens the 
strength. The coefficient of transverse strength 
can be obtained fi'om the formula — 
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where W is the weight in pounds placed on 
middle of the bar which causes it to break; 
L the length of bar in feet, between supports; 
B the breadth and D the depth in inches. 

(2) Elasticitii, J.- lexibility, and Toiighness. — In 
timber, elasticity is proportionate to the sti'ength ; 
while flexibility and toughness usually increase 
with the amount of water, and are greater in 
green than in partly oi- wholly seasoned wood, 
and also much increased by steaming. Hard- 
woods have generally the greatest elasticity, 
and softwoods the greatest flexibility and tough- 
ness; while in conifers a moderate amount of 
resin increases, and much resin diminishes them; 
but all these three properties depend on the 
length and straightness of the woody fibres, 
and are diminished by branch -knots and ab- 
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normal growth of any kind Tlie modulus of 
elasticity is found from the formula — 



E 



L^ W 

B X D=' '^ U' 



where L, B, and D are as above, and W is the 
weight in pounds supported at the centre of the 
bar and causing a deflection of d inches. 

(3) Fissibility is the ease with which wood 
can be split by a wedge driven in parallel to 
the run of its fibres. Alder', Lime, and conifers 
(unless very resinous) are easiest to split, and 
Hornbeam, Elm, Willow, Poplar, Birch, Maple, 
and Sycamore hardest; while Oak, Ash, Beech, 
Chestnut, &c., occupy an intermediate position. 
Fissibility is greatest in long and straight-fibred 
woods, and least where fibres are short and 
strongly lignified; and the drier and more 
elastic "the wood, the easier it is to split (except 
Willow, Poplar, and Alder, in which the wedge 
holds better when the wood is moist). The 
greater the fissibility, the more difficult it is 
to obtain a fine smooth surface by planing. 

(4) Hardness is the resistance ofi'ered to the 
penetration of another body, and is usually 
characteristic of heavy woods, the hardness in- 
creasing with the strength and cohesiveness of 
the woody fibres (see Hardwoods and Soft- 
woods). 

(5) Durability means the length of time timber 
continues sound and serviceable ; and this, of 
course, varies greatly according to how and 
where it is used. It depends mainly, however, 
on the extent to which the wood is exposed to 
alternating dampness and dryness, especially 
during the warmer months of the year; for it 
is then that the various timber-boring insects 
(Anobium, Ptilinus, Lymexylon, &c.) and the 
many saprophytic fungi (Polyporus, Agaricus, 
Merulius, &c.), which are chiefly instrumental 
in decomposing the woody tissues and the ligne- 
ous substances, find the most favourable condi- 
tions for their thriving and development. The 
mere weight of wood gives no proper indication 
of its durability ; because the larger the quantity 
of albuminoid substances contained in any kind 
of wood, the more likely it is to be attacked by 
fungi and insects which feed on these; but, for 
one and the same kind of wood (whether Oak, 
Beech, Larch, Pine, &c.), the heavier it is, the 
more durable, owing to the higher proportion 
of lignin and preservative substances per unit 
of volume. As regards general durability. Oak 
and other hardwoods (except Beech) are usually 
much more durable than softwoods, and Larch 
lasts longer than Pines or Firs; but in conifers 
it increases with resinousness. Seasoning in- 
creases durability, and winter-felled timber is 
more durable tlian summer-felled. The dura- 
bility can be greatly increased by artificial means 
(see also Timber Preservation and Durability 
OF Materials). [j. n.] 

Timber- and Tree-destroying 
Fungi. — Unsound timber is evidence that the 
tree has grown abnormally. It may be that 
because of weakness it was unable to produce 
sound timber, or that because of some unfavour- 
able condition in the soil or atmospheric en- 




vironment, the tree was imperfectly nourished. 
As growth depends on the activity of the leaves, 
it follows that any extensive injury to the foli- 
age by insects or other animals will also result 
in some unsoundness in the timber. The fungi 
are another important group of injurious agents 
which do much damage both in the forest and 
afterwards when the timber is in use. 

Almost all the fungi which destroy timber 
can live as saprophytes on dead wood or fui 
dead parts of a tree. So long as the tree re- 
tains its natural bark, these fungi are unable 
to reach the living tissues, and it is only after 
the bark is broken that an entrance is effected. 
Wounds suitable for the entrance of destructive 
fungi are produced by wind and frost, by insects 
and other animals {e.g. squirrels and rabbits), 
and during the operations of thinning, pruning, 
felling, and timber- 
hauling. Through 
wounds the fungus 
filaments reach the 
living tissues, and as 
they have the power 
of secreting enzymes 
capable of dissolv- 
ing cellulose, lignin, 
starch, and other 
nutritive materials 
in the wood, they 
convert these into 
food material. The 
mycelium gradually 
extends through the 
tree, frequently be- 
tween the bark and 
wood and thence into the medullary rays and 
other parts of the timber; filaments of the my- 
celium may also bore through the walls of the 
wood-cells, and graduall_y corrode the lignified 
walls (see fig. 2, art. Funqi). In this way the 
walls are either reduced to the thinnest of mem- 
branes or the wood becomes a fine powder ; in 
both cases decaying cavities are produced. If 
the mycelium attacks the cambium or other 
living tissues, these are frequently stimulated 
to abnormal growth and 'cankers' are produced, 
with swelling and distortion of the stem, and 
often with exudation of gum or resin. 

The recognition of the particular fungus in 
any case is the work of the specialist with wide 
experience, but a brief description of some of 
the more prevalent timber - destroying fungi 
may assist identification. It will be best to 
arrange them in their I'espective groups used 
in the classification in art. Fungi. 

Order Ascomycetes: (1) Nectria. — Three species 
are destructive to trees, and all are wound-fungi 
commencing their existence on broken branches 
or wounds, whence they spread into living parts. 
The sporules are produced in little red cushions 
on the bark. 

Nectria ditissima is a frequent cause of canker 
on Apple, Ash, and other trees (see Apple — 
Parasitic Fungi, with illustration). 

N. cinnabarina occurs on dead branches of 
many deciduous trees, and the bright- red sporule- 
cushions are familiar enough. 

N. cuc2irbitu{a frequents conifers, and re- 



Fig. 1. — stem of Oak destroyed 
by Fungi, which first attaclced 
the Branch Snag 
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sembles the last-named species except that the 
cusliions are dark-red. 

(•2) Peziza: P. willkommii, the Larch canker- 
(see Larch Disease). 

Order Basidiomycetes. — (a) Mushroom fungi 
{Agaricus), with gills on the sporophores (see 
fig. 7, art. Fungi). 

Agaricus melletis, the honey fungus ; a de- 
structive root-fungus, most frequent on coni- 
fers, but also occurring on hardwoods and on 
felled timber. The bark at the base of the tree 
dies, sometimes forming a resinous canker, and 
a white sheet of mycelium is present between 
bark and wood. The sporophores are yellowish 
mushrooms with dark scales ; they are produced 
round the tree on roots or soil, and are nourished 
from the white absorbing mycelium by means 
of black cords (rhizomorphs) which run below 
the bark. 

(b) Polypore Fungi. — This numerous and de- 
structive group is distinguished from the Aga- 
rics by the shape of the sporophore, which is 
rarely mushroom-like ; numerous pores contain- 
ing the spores give the group its name. The 
remaining fungi in this list all belong to the 
Polypores ; besides the chief genus Polyporu^ 
there are others {Trametes, &c.) which ditier in 
the structure of the sporophore. 

Polyporus fomentarius, the tinder-fungus of 
Beech and other trees. The sporophores are 
bracket-like, frequently large in size, and are 
perennial, continuing to grow for several years 
(see fig., art. Beech — Parasitic Fungi). This 
produces a white rot in the timber. 

P. betulinus, very common on Birch ; the 
white sporophores adhering to the bark are 
conspicuous ; they are annual, growing and 
decaying in a single season. 

P. sulphur eus, a common parasite on Oak, 
C'hestnut, Poplar, &c. The annual sporophores 
ai'e flat and soft, orange-red on the upper sur- 
face, sulphur-3'ellow below. It produces a red 
rot with cavities filled in with white felted my- 
celium, and the timber becomes dry and brittle. 

P. igniarius, common on deciduous trees 
generally. The perennial sporophores are hoof- 
shaped, the upper surface being greyish-brown 
and hard like stone. It produces a white rot. 

P. dryadeus, a conmion species on Oak, with 
large annual bracket-shaped sporophores, gener- 
ally near the base of the tree; at first they are 
soft, but later become chocolate-coloured and 
brittle. The timber shows white or yellowish 
stripes surrounded by firm wood little changed 
from its natural colour. 

P. sgiiamosus, the scaly polypore, with annual 
sporophores which are thin and flat, the upper' 
surface being yellow with brown scales. 

P. hispidus, on Ash, and on Apple and other 
fruit trees, has thick annual sporophores with 
a rough velvety upper surface (see Ash — Fun- 
goid Diseases). 

P. vaporarius is common on Pine and Spruce, 
and in structural timber does much damage 
through causing a rot very like true dry rot. 
The sporophores are not bracket-like, but form 
closely clinging crusts. 

Merulius lackrymans, the dry-rot fungus (see 
art. Dry Rot or Timber). 



Trametes radiciperda, a destructive root para- 
site, especially on conifers. It produces a red 
rot speckled with white spots with blackish 
centres (fig. 2). The sporophores form crusts 
on the bark. 

Trametes pint attacks the stem generally near 
a broken branch ; it occurs mostly in Pine, and 
as the mycelium extends along certain year- 
rings the wood tends to split in concentric 
plates, hence the popular- name ' ring-ccale ' or 
' ring - shake '. The hard brown sporophores 
adhere closely to the bark, sometimes forming 
a hoof-like mass. 

Sterewm hirsutum occurs on dead wood and 
structural timber, but is parasitic on Oak, pro- 
ducing a red rot marked with whitish streaks. 




-Trametes radiciperda growing on Stool of 
Spruce (after Tubeuf ) 



The sporophores are crusted, or hang from the 
bark as leathery yellowish flaps with hairy 
margins. 

Fistulina hepatica, with sporophores like flaps 
of fresh liver hanging fr-om Oak — hence the 
popular name 'beef-steak fungus' ; the mycelium 
produces a deep-brown rot in the wood. 

Dcedalea quercina is abundant on Oak stumps, 
but is a doubtful parasite (see fig. 8, art. Fungi). 

While the majority of these fungi are most 
active in the growing tree, a certain number 
may find their way into structural timber and 
cause much damage. This may be prevented by 
careful selection of sound timber, and thorough 
seasoning ; the jjrecautions to be followed in 
buildings are given in art. Dry Eot of Timber. 

Treatment. — In woods and plantations all dead 
wood should be cleared out or burnt, because it 
is a nursery for these timber-destroying fungi. 
Another thing to remember is that almost all 
these fungi are wound-parasites; and although 
broken branches cannot be avoided, yet much 
may be done to prevent unnecessary damage 
during thinning and felling; by carelessness 
much damage may be dime, especially when 
logs are hauled recklessly so as to bruise stand- 
ing trees and thus prepare the way for destruc- 
tive fungi. Trees showing sporophores or other- 
wise unsound should be selected frr'st in thin- 
ning. In the case of parks wher-e owners object 
to the removal of trees, much may be done by 
early attention to broken branches ; they should 
be carefully pruned and the cirt surfaces dressed 
with tar. It is very doubtful whether covering 
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decayed wounds with metal, cement, &c., is of 
much benefit, because the fungi generally re- 
main quite active ; a filling of cement might 
be effective if the cavity were cleaned out, then 
charred, and dressed with tar before filling up. 

[w. G. s.j 

Timber, Preservation of. — The larger 
the proportion of nitrogenous or albuminoid 
substances contained in any kind of wood, the 
more likely it is to be attacked by insects and 
saprophytic fungi. These are the chief causes 
of decay, and their attacks are facilitated when 
timber is exposed to rapid alternation of damp- 
ness and dryness, especially if combined with 
warmth. If the albumen can be sterilized or 
so altered as to be made unfit for the fi_iod of 
insects and fungi, the woody fibres then become 
strongly protected against both of these destruc- 
tive agencies, and also against the action, thus 
obviated, of dissolving ferments developing under 
their operation. Some kinds of timber, and not- 
ably hardwoods as compared with softwoods, and 
very resinous as compared with only slightly 
resinous conifers, have more or less of natural 
protection from substances contained in their 
tissue, e.g. the tannic acid in Oak, essential oils 
distasteful to insects in Teak, Camphor- wood, and 
Deodar, strong resinification in Larch and Pine, 
&c.; but all timber is much more durable if uti- 
lized in dry and airy places, or else entirely 
submerged in water or buried in the ground, 
where atmospheric oxygen is cut off and there 
are practically no alternating changes from wet 
to dry. The weight of a piece of wood gives of 
itself no reliable indication of its durability, e.g. 
Beech used, say, for fencing decays much sooner 
than Larch; but for any one particular kind 
of wood (Oak, Ash, Beech, Larch, Pine, Spruce, 
&c.), the higher the specific gravity the more 
durable the timber, because that means a larger 
proportion of woody fibres, and of lignin, tannic 
acid, resin, and other substances preservative 
of the woody tissue. Speaking geneially, wood 
felled in autumn, just about the fall of the leaf, 
when there is least sap in the tree, is more dur- 
able than that cut at any other time of the 
year; and wood felled just before the flush of 
the foliage in spring, when the tree is fullest of 
sap, is usually least durable. 

The preservation of timber may take place — 

1. Bji .reasoning — 

(1) Naturally, by gradual drying in the 
open air. 

(2) Artificially, by evaporating the sap in 
hot-air chambeis. 

2. Bt/ impregnation with antiseptic substances — 

(1) Through simple immersion. 

(2) Through injection under pressure. 
Seasoning, whether by slow natural process or 

by artificial means, renders wood much lighter 
in weight and more durable. Mere superficial 
coating with paint, &c., is of little use unless 
the wood is thoroughly seasoned and is to be 
used indoors. But by far the most effective 
way of increasing durability is to impregnate 
the woody tissue as thoroughly as possible with 
antiseptic fluids, rendering the albuminoid sub- 
stances unfit for the food of insects and fungi 
(see also DuRxVBility of Materials). 



The earliest methods of preservation by anti- 
septic means were simple submersion of con- 
verted wood in sea-water, or in a solution of 
common salt, or in milk of lime (a l-in-40 solu- 
tion of slaked lime in water), or by charring 
and coal-tarring fence-posts and stobs at the 
lower ends put near or below the surface of the 
ground. The ideal preservative fluid would be 
one that preserves thoroughly, penetrates easily 
and deeply into the wood, lemains there per- 
manently, is cheap and innocuous, and does not 
increase the inflammability of the wood ; but 
no such impregnating substance has yet been 
discovered. For large timber the four oldest 
antiseptic processes worked on any large scale 
are : (1) Kyan's method (1832), by simple immer- 
sion and imbibition of a 1-per-cent solution of 
bichloride of mercury, 1 lb. dissolved in 10 gal. 
of water (100 lb.) being sutticient to impregnate 
.50 cu. ft. of well-seasoned timber ; (2) Bvrnett's 
method (1838), by injecting a 2- to 3-per-cent 
chloride of zinc solution under pneumatic pres- 
sure of 105 lb. per square inch (7A atmospheres) 
at 2.30" F., the wood operated on (chiefly for rail- 
way sleepers) being thoroughly seasoned ; (3) 
BetheU's ynethod (1838), by injecting creosote or 
crude heavy oil of coal-tar into thoroughly sea- 
soned wood under a pressure of 140 lb. per square 
inch and at a temperature of 120° F. ; and (4) 
Boucheries method (1840), by injecting a 1-per- 
cent solution of sulphate of copper (blue vitriol) 
under a pressure of 14 to 28 lb. per square inch 
by means of a gutta-percha tube conveying the 
solution from a tank 30 to 33 ft. overhead into 
a narrow chamber formed by a cap fitting over 
one end of the log, so as to force out the sap 
from the other free end as the solution presses 
its way in, a process which is easier in the case 
of green than of seasoned wood. 

The corrosive sublimate method preserves well, 
but is dear and poisonous, corroding iron and 
causing sores on workmen's hands, and soon 
dissolving out in wet places. Chloride of zinc 
is a weak antiseptic, and is easily soluble, but 
soon gets washed out. Creosote is nearly as 
strong an antiseptic as corrosive sublimate, and 
is not poisonous; but it is dear, pungent in 
odour, and greatly increases the inflammability 
of wood treated ; it is therefore only suitable 
for timber used in the open air, and not for 
house-building timber and pitwood. Sulphate 
of copper is a weak antiseptic and corrodes iron, 
but is the cheapest process. Impregnating with 
creosote, originally introduced by Bethell in 
1838 with pneumatic pressure, is the chief Bri- 
tish method. 

Creosoting with heavy coal-tar oil (boiling- 
point 365" F.) may either take place by simple 
immersion in open iron tanks, or by injection 
under pressure in closed iron cylinders. The 
simplest and cheapest way to treat small quan- 
tities of well-seasoned wood (such as fence-posts, 
&c.) by immersion is to pack it (after being 
warmed, if convenient) into the open tank, and 
fill this with creosote and heat it to a little over 
212 F. (to evaporate the water still in the wood); 
then keep it at that heat for about twenty-four 
hours (or more, according to size of wood), run 
oft' the hot oil, and take out the creosoted wood 
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■when cool enough to handle. For such pur- 
poses, an open oblong iron tank or boiler and a 
furnace cost about £60. Beech and Scots Pine 
absorb the oil most readily, and Spruce and 
Larch least readily; while softwoods and coni- 
fers generally absorb more readily than hard- 
woods. Scots Pine and softwoods take easily 
about 8 to 9 lb. and even up to 10 to 11 lb. 
(1 gal.) of creosote per square foot; but Oak and 
Larch, the most durable woods without treat- 
ment, do not absorb the oil well. Creosoted 
Beech fence-stobs last twenty years, while un- 
treated Beech only lasts about three years. In 
the case of Scots Pine stobs, long immersion is 
a waste of creosote, as it runs out again on the 
stobs being stacked after treatment. As absorp- 
tion is not uniform, the cost of creosoting varies 
both with the kind and the quality of the wood; 
but with creosote at 2Jld. a gal., creosoting usu- 
ally conies to nearly id. per cubic foot, or \d. per 
fence-stob 4^ ft. x 3 in. x 3 in., and i)d. pei' 
100 lineal feet of paling rails 4x1 in. (though 
ranging up to 6d. and Is. 'id. respectively). 

When creosoting large quantities of wood, 
railway sleepers, &c., in closed ii'on cylinders 
with injection undei' pressure, the timber is 
packed as closely as possible, the air extracted 
by an air-pump, and creosote heated to 120° F. 
run in ; and when full, a foice-punip is used to 
gradually produce whatever pressure is desired 
(usually 100 to 120 lb., but sometimes more), 
until a gauge attached to the creosote tank 
shows that absorption has ceased. Softwoods 
can thus be made to absorb 10 to 12 lb. of oil 
per cubic foot. At Welbeck a pressure-cylinder 
30 ft. long by 4g ft. diameter with self-con- 
tained pumps, which cost about .£300 and is 
worked by a 2^ horse-power portable engine, 
takes a charge of 4.50 cu. ft. of small converted 
timber (gates, fence-posts, &c.) that can be sub- 
jected to a pressure of 100 lb. per -square inch 
in about three hours. On absorption under that 
pressure ceasing, the door is unscrewed and the 
superfluous creosote run off, and the timber is 
taken out next day. When creosoting is done 
thus on a large scale, the total cost comes to 
about Sd. to 4d. a cubic foot, varying of course 
according to the price of the creosote. On the 
average, 21 gal. or 27i lb. of creosote are con- 
sidered enough for Scots Pine sleepers 9 ft. x 
10 in. X .5 in. = 3J cu. ft., or 8i lb. per cu. ft.; 
while when Oak sleepers are treated the speci- 
fication varies from 4 to lb. 

In the Kueping creosote process the wood is 
first subjected to a pressure of 60 to 6.5 lb. to 
compress the air into the interior cells; and on 
warm creosote being run in, the pressure is 
increased to 105 to 225 lb. according to size and 
quality of timber; while under this high pres- 
sure creosoting not adheiing to the cell-walls 
is forced out again and run off, thus effecting a 
saving in creosote, while giving a more thorough 
impregnation. 

Immersion in an open tank containing heated 
naphthaline (Ci„Hs), also a coal-tar product, was 
introduced by Mr. Aitken, of Falkirk, in 1882, 
and has recently come into very extensive use 
for estate purposes (fence-posts and .stobs) under 
an improved method invented by the late Mr. 



Plenry Darroch, also of Falkirk, which makes 
wood like Birch, Beech, Scots Pine, Spruce, 
&c., more durable than Oak, Larch, &c., thus 
giving fencing material that is both cheaper 
and lasts longer (up to fifteen or twenty 3'ears). 
In naphihalininy, the crude naphthaline brought 
in bags is put into an iron tank heated by steam 
from a boilei' about 20 yd. off, the stove for 
heating the boiler being carefully isolated owing 
to the infiammability of the naphthaline. The 
wood to be treated must be thoroughly sea- 
soned; and the drier it i.s, the better the result. 
The tank being packed with fence-posts and 
stobs and then nearly filled with crude naph- 
thaline (which melts at 176° and boils at 422° F.), 
steam is applied to raise the heat to over the 
boiling-point of water (212°). After being kept 
at this foi' from two to twelve hours, it is allowed 
to cool down sufficiently for the wood to be 
taken out ; then other w'ood and more naphtha- 
line are put in, and the process repeated till all 
the material has been treated. A tank 21 ft. 
long and 5 ft. diameter costs about £120, and 
contains a charge of about 2 tons of naphthaline 
along with the wood ; and Avhen the ci-ude naph- 
thaline costs 35s. a ton at a near railway station, 
the impregnation of tank-loads of mixed hard 
and soft woods aveiages about 3(/. per cubic 
foot. As regards power of absorbing naphtha- 
line, this is greatest in Scots Pine, Beech, Birch, 
Alder, and Douglas Fir, much less in Ash, Silver 
Fir, and Oak, and least of all in Spruce, Larch, 
and Elm. But cr'cosoting is the preferable 
method, as naphthalining gives the workmen 
headaches and is altogether more dangerous. 

The Powell saccharization process is a recent 
Bi'itish method for impregnating the woody 
tissue with molasses, glucose, or sugar. It is 
said to darken the colour of wood, and £0 in- 
crease its hardness and density without dimin- 
ishing its tensile strength, flexibility, and tough- 
ness, whilst also slightly decreasing its inflam- 
mability. The timber is placed on trollies and 
let down into a large tank (20 x 9^ x 5 ft.) 
filled with a solution of syrup or sugar, which 
is rapidly raised to boiling-point (212° F.) by 
means of steam circulating through pipes, and 
then allowed to cool down to 70° by passing 
water through the pipes ; and as the timber 
cools the solution is absorbed. The timber is 
then stored in drying-chambers at a temperature 
of 250° to 300°, and gradually allowed to cool. 
Conifers and Oak absorb 3 to 4, Willow, Ash, 
Birch, Elm, and Sycamore 5 to 6, Beech 7i, ancl 
Poplar 95 lb. per cubic foot ; and Larch and 
Spruce, so difiicult to creosote, ar-e as easily sac- 
charized as Scots Pine. It is also claimed for 
this pr'ocess that by the addition of certain 
chemicals (of which alum is probably one) the 
timber is rendered non-inflammable and fire- 
resisting. 

Fireproojing of wood is also carried out by 
means of impregnation with borates, silicates, 
and aninioniacal and other volatile salts ; but, 
though it can be made non- inflammable, no 
pr-ocess has yet been discovered for rendei'irig 
wood incombustible. 

For superficial coating, oil paint can be made 
non-inflammable by adding phosphate of ammo- 
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nil and borax in the form of impalpable pow- 
djis ; while asbestos paint and mortar made of 
plaster and asbestos are also used, and give par- 
tial security against fire. Of several processes 
for fireproofing wood by impregnation under 
strong pressure (though unfortunately always 
only to a limited depth), Payne's is one of the 
best, the wood being first impregnated in a 
vacuum with a strong sulphate of iron solution, 
then under pressure injected with a solution of 
sulphate of lime or some alkaline carbonate to 
make the iron insoluble. 

In France, electriciiii is also used, both to 
'senilize' wood rapidly in order to make it 
more durable, and to fireproof it. Senilizing 
takes place by impregnating green wood with 
a 20-per-cent solution of magnesium sulphate 
warmed to about 90' F., passed in for seven to 
fourteen hours by an electric current varying 
from 4 to 6 amperes, and then drying it in the 
open air ; while for fireproofing, ammoniacal 
salts are used in place of magnesium sulphate. 
And in another French process of senilizing, a 
solution of 10 per cent borax and 5 per cent 
resin -soap is used in place of the 20-per-cent 
solution of magnesium sulphate. But as yet 
it is too early to judge of the success of these 
methods. [j. N.] 

Timber Measurement. — There is no 
generally accepted definition of timber. As dis- 
tinguished from fuel, it is wood used for any 
technical purpose. For railway freight it in- 
cludes ' all descriptions of wood in an unmanu- 
factured or roughly hewn, or roughly sawn state; 
but not any wood shaped, or prepared or par- 
tially prepared'. As distinguished from coppice, 
with or without standards, it in English law- 
includes all woods and trees not cut in regular 
rotation ; though in the case of Beech woods 
in southern England cleared and naturally re- 
generated about once in every ninety to one 
hundred years, a legal decision held that such 
timber could be used by the heir - of - entail 
through local habit and custom, without im- 
peachment for waste — a restriction not applying 
to timber on Scottish entailed estates. Again, 
in selling trees, local custom usually classes as 
timber only what measures not less than 5 or 
6 in. in quarter -girth (20 to 24 in. in girth) 
under bark (see B.\rk Allowance); or fre- 
quently in Scotland to 6 in. in diameter free 
from bark : while pitwood is measured down 
to 2 J in. diameter under bark, or 3 in. over 
bark at the thin end. Tops and branches below 
the local customary timber dimensions are not 
paid for (see Lor and Top). 

1. Measurement of Logs or Round Timber. — 
After felled trees are cross-out or definitely 
marked off into logs, the customary British 
method of measurement is to multiply the 
length in feet into the square of the mean 
quarter - girth in inches taken with tape or 
string (a steel tape is best) in the middle of the 
log, and divide by 144 if the quarter-girth is 
measured in inches, when the cubic contents 
= length X (^ mean girth in inches)'- -^ 144. 
Say a log is 20 ft. long and 8 ft. in mean girth ; 
its cubic contents would therefore be reckoned 
as 20 X 2^ = 80 cubic feet. But these are not 



the true cubic contents, which are = length 
X superficies of middle section ; or in this case 
= 20 X (8'^ -^ 4 tt) = 101-8 cu. ft. Similarly, 
a log 18 ft. long and 2 ft. in mean diameter 
would have true cubic contents of 18 x 3'14 
= 56'52 cu. ft.; while by square - of - quarter 
measurement it would be sold and bought as 
if only containing 18 x (J x 6-28)'^ = 44-36 
cu. ft. British customary measure thus always 
reckons only 78^ per cent, or 21^ per cent less 
than the true cubic contents, the shortage being 
supposed to represent the loss in sa-wing up. 
Eeady-reckoning tables show the contents of all 
sizes of logs. Other British methods of measur- 
ing used when specially prescribed are Customs 
Measurement with the divisor 113 (in place of 
144), giving the true cubic contents (144:113 = 
100:78.^); Die-square Measure with the divisor 
181, giving the maximum contents when squared; 
and Calliper Measure used in Government dock- 
yards, when the diameter in inches is squared, 
multiplied into the length in feet, and divided 
by 181, giving almost exactly the true cubic con- 
tents. Eailway companies prescribe for square 
timber the divisor 144 ; and for round timber 
the divisor 113 for string-measurement under 
bark (with right of charging cairiage for bark 
also), and 144 for tape-over-bark. But the rail- 
way rules are so complicated that those seeking 
detailed information should consult the General 
Railway Classification of Goods last issued. In 
measuring squared or converted timber the true 
cubic contents are reckoned by multiplying into 
each other the length, breadth, and depth. In 
America, Australia, and New Zealand, board 
measurement obtains, based on the number of 
superficial feet of 1-inch boards which logs of 
varying length and mean girth will yield after 
allowing for bark and waste in sawing ; and 
ready-reckoning tables give the results for logs 
of all sizes. 

2. Measurement of Standing Trees is in Britain 
usually made with tape or a hooked leather 
strap at about 5 ft. above-ground, the length of 
the bole being estimated, sometimes by means 
of a rod 1.5 to 20 ft. long, and the cubic contents 
reckoned after allowing for the fall-off to the 
mean girth. Or if girthed at .5 ft. and the 
length estimated to timber height of 6 in. dia- 
meter or 20 in. girth, then the mean girth is 
easily- found by adding these and dividing by 
2 ; and after allowing for bark, the length is 
multiplied into the square of the net quarter- 
girth and divided by 144 to give the saleable 
contents. But it is far more satisfactory, both 
for seller and buyer, to agree to prices per 
cubic foot for defined I and II class timber, and 
to measure the cubic contents when the trees 
are felled. 

The height of standing trees can be more ac- 
curately measured with instruments of various 
kinds known as hypsometers, dendrometers, &c., 
which are all based upon the similarity of equal- 
angled triangles. One of the simplest and best 
of these is the Telescope Hypsonieter, consist- 
ing of a hollow metal tube with movable vision- 
hole at one end and cross-wires at the other, 
and an adjustable upright rod at right angles 
to the line of vision ; and on this rod being set 
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at the horizontal distance the observer is from 
the tree, a plummet hanging from the end of 
the upright rod indicates upon a graduated 
scale on the tube the height of the tree. Dia- 
meter measurement with callipers is quicker 
than girth measurement of trees standing in 
close canop}-; and greater accuracy is obtained 
if two diameters be measured and the mean 
taken. 

3. Measurement of Whole Crops of Wood can 
best be made by selecting fair average sample 
plots of ^ to 1 ac. each, in such number as may 
seem necessary, and then measuring the dia- 
meters (or girths) of all the stems on each area 
and registering them tabularly according to 
each inch of diameter (or 3 in. of girth). The 
true average stem on each area can be found by 
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Weiae's Telescope Hypsometer. 

adding up the number in each class and finding 
the total on the plot, and then counting back 
40 per cent or two-fifths, beginning from the 
largest class ; and whichever diameter (or girth) 
class this leads one back into, that furnishes the 
true average stem. One or more of such steins 
being selected and carefully measured (after 
felling, if permissible) and the average taken, 
this will when multiplied by the total number 
of stems give the cubic contents of the sample 
area ; and so on for each sample area ; when the 
total contents of the whole wood will be such 
multiple of the total contents of the sample 
areas as is indicated by the proportion borne 
by the wliole wood to the sum of the various 
sample areas. [j. N.] 

Timber Tables are commonly used in 
Britain both for giving at once the cubic con- 
tents of round logs, measured by the customaiy 
formula, length in feet multiplied by the square 
of the mean quarter-girth in inches (free of 
Vjark) and divided by 144 (see Timber Measure- 
ment), and also for giving the true cubic con- 
tents of squared or .sawn timber by multiplying 
into each other their length, Ijreadth, and depth. 
In America, Australia, and New Zealand the 
tables showing cubic contents of round logs are 
reckoned in ' board measui'ement ', giving the 
number of superficial feet of boards 1 ft. squai'e 
and 1 in. thick obtainable from logs of varying 
size under due consideration as to loss in slabs 
and sawdust through conversion. In France 
and Germany, in addition to ready-reckoning 
tables for round logs and sawn timber, average- 



yield tables have also been drawn up giving 
for the chief kinds of trees grown as timber 
crops (Scots Pine, Spruce, Silver Fir, Beech, 
and Oak) the total average cubic contents of 
timber (down to 3 in. diameter at top end) and 
small branchwood at each ten years from 30 to 
100 or 120 years of age, and indicating also the 
average quantity of material then usually avail- 
able as thinnings. The tables for each kind of 
tree -crop are made out for the five different 
qualities of soil and situation: I very good, II 
good. III medium, IV inferior, V very poor. 
As our woodlands are usually so small and scat- 
tered, these tables are of little or no use at 
present; but they serve as giving fairly reliable 
indications of what British timber crops miglit 
yield if grown in large compact masses and 
continuously under good management. 

[j. N.] 

Timber Trees (in Law). — 

Timber. — In England the word 'timber' is 
usually held to mean trees used for the build- 
ing or repairing of houses, as Oak, Ash, and Elm. 
The trees must be of a growth of twenty years, 
and it is said not less than 6 in. in diameter or 
2 ft. in girth. This definition of timber is very 
frequently extended by local custom to include 
other kinds of trees which have been used in 
the district for building purposes or in the me- 
chanical arts. Thus Chestnut, Walnut, Cedar, 
Fir, Aspen, Lime, Sycamore, and Beech trees 
have by this means been brought under the 
designation of timber. In Scotland there is no 
legal definition of the term ' timber '. 

Trees. — In England the property in trees 
is in the landlord of the ground, while the 
property of bushes is in the tenant. Conse- 
quently, a tenant is not entitled to cut down 
timber trees unless in the case of dead timber, 
nor is he entitled to cut down other trees where 
they are planted for some specific purpose, as, 
for example, to shelter a house. Windfalls of 
sound timber belong to the landlord, but wind- 
falls of tiees which are not timber or of decayed 
timber trees belong to the tenant. A tenant is 
entitled to cut down trees for repairs necessary 
to the buildings or fences on the land, and this 
even although trees are expressly reserved in 
the lease, provided he is liable for the upkeep 
of the premises ; he is not entitled to cut timber 
for repairs which the lessor has agreed to do. 
In Scotland the property in all trees is in the 
landlord, and under ordinary agricultural leases 
they are expressly reserved to him without the 
necessity for any stipulation in the contract. 
The tenant is, however, entitled to the yearly 
fruits, thinnings for repairs, to young willow 
twigs, &c. If the woods are let as an accessory 
to the land, the tenant is entitled to cut wood 
for the necessary repairs of the buildings and 
fences, but not for sale. In the case of trees 
growing on the boundary of two estates so that 
the roots extend into the different estates, it is 
the law in England that the property in the 
trees is in the proprietor of the land on which 
they were first planted oi' sown. There is little 
authority on this point in Scotland; but it has 
been decided that trees on the line of a march 
were common property and could not be cut 
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down without the consent of both proprietors, 
but that if they were distinctly on the side of 
one or other proprietor they were his sole pro- 
perty, and his neighbour had only the right to 
demand that overhanging branches should be 
lopped off. It has been decided in a Sheriff 
Court in Scotland that a tenant as against his 
landlord is not entitled to cut overhanging 
branches which he alleged caused damage to 
his crop and prevented the use of a reaper and 
binder on that portion of the field. In the case 
of fruit trees growing near a boundary, it has 
been laid down as the law of England that the 
owner of the fruit trees is entitled to enter his 
neighbour's land in order to gather up fruit 
which may have fallen on the otlier side of the 
boundary, and the same doctrine has been stated 
with regard to trees blown down by the wind. 
But this doctrine would not apply to the case of 
a tree which had fallen on the opposite side of 
the boundary while being cut down. In any 
event, entering on an adjoining property with- 
out previous request would be inadvisable. 
Moreover, the owner entering his neighbour's 
property for such purpose would be liable to 
make good any damage done by such entry. 

As to damage done to cattle feeding on poi- 
sonous trees, see under Poisonods Plants. 

[D. B.] 

Timber Valuation made while the trees 
are still standing gives the owner an idea of 
what any fall he is considering may likely bring 
him in ; and this valuation is sometimes made 
by the estate agent or factor, sometimes by an 
expert hired for the purpose, or sometimes by 
the forester ; but the methods adopted are 
neither scientific nor exact (see Timber Mea- 
sdrement), for the soundness and quality of 
any standing tree can only be known when it is 
felled and logged. The more accui'ate methods 
of valuing woodlands and growing timber crops 
are described under Woodlands, Valuation ; 
but certain statutory prescriptions relating to 
the valuation of woodlands, rating of woods and 
plantations, and payment of succession duty, 
may most conveniently be referred to here. 
Under the Valuation of Lands (Scotland) Act, 
18.'54, the yearly value of woods, copse, or under- 
wood is to be taken at the rent at which in 
their natural state they might reasonably be 
expected to let as pasture or grazing lands ; 
and under English law the prescribed standard 
is much the same. Under the Eating Act, 1874, 
the land (and not the timber or underwood) is 
rated, the natural and unimproved value of the 
land being estimated in the case of woods and 
plantations, and for copses and underwoods 
their rental value if let as such. Under the 
Finance Act, 1894, the annual value of the 
woodland is to be estimated at its rental value 
in its natural and unimproved state, and the 
timber is separately valued. To satisfy the 
requirements of the Succession Duty Act, the 
custom in England is to value all the timber 
and other wood and take 3 per cent as a fair 
annual income under good management. This 
income is then treated as an annuity, and suc- 
cession duty is paid upon it according to a slid- 
ing scale annexed to the Act. Thus, if the 



income from the woods were estimated at £1000 
a year, a life-tenant forty years old would only 
pay as if such annuity had merely a capital 
value of i;i4,875 (in place of £16,666). 

[j. N.] 
Timothy, or Cat's-tail {Phleum pra- 
tense), is a perennial grass which forms much of 
the hay produced on good meadow land. The 
plant is composed of a simple tuft of loosely 
compacted green shoots deeply placed in the 
ground. The shoots are round and stoui, with 
the leaves rolled round 
one another. The leaf- 
blades are broad, light 
in colour-, and have very 
low flat ribs on the upper 
surface: from the breadth 
of the blade Timothy is 
entitled to the name 
' top-grass '. The ear is 
somewhat late in appear- 
ing. It shows about the 
end of June, and in July 
flowering commences. 
This ear is an oblong, 
compact, spikelike pan- 
icle, usually designated 
a 'cylindrical spike'. It 
is composed of one- 
jiowered flat spikelets so 
densely packed that they 
completely hide the cen- 
tral axis which bears 
them. The figure shows 
the ear in flower with 
the stamens protruded. 
At a a dissected spikelet 
is seen, with the two 
glumes lowest, and above 
them the awnless two- 
valved husk or pales, 
then the stamens, and 
the two feathery stigmas. 
The length of the ear 
varies with the soil ; on 
poorer soils it is only 2 
or 3 in., but on rich land 
7 to 10 in. The height 
of the straw also varies, 
but the average may be 
taken as 3 ft. For hay, 
Timothy should be cut before flowering, other- 
wise the produce tends to become rather hard. 
After flowering and fertilization have taken 
place, the ear begins to form seed. When the 
ear assumes a yellowish-red tint, Timothy is 
ready for seed harvest. The seed is a very small 
egg-shaped body about H nmi. long, composed 
of a silvei'y glossy husk containing a rounded 
grain pointed at the base and finely dotted on 
the surface. Sometimes the husk is removed by 
threshing, and then the name 'Shelled Timothy' 
is applied. Commercial seed is either home- 
grown or foreign; and although home seed often 
fetches a higher price in the market, the experi- 
ments carried out at the Experiment Station, 
Kilmarnock, seem to show that it has no advan- 
tage over foreign-grown seed. Common im- 
purities are; Bladder Campion, Chickweed, 
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Spiirrey, Eibgrass, Ox-eye Daisy, Forget-me-not, 
Self-heal, &c. If Timothy is to be grown along 
with Red Clover, care should be taken to secure 
Timothy seed free from dodder. [a. n. m'a.] 

Timothy, which got its name from Timothy 
Hanson, an American, ranks along with the 
rye grasses as the most valuable grass foi' mow- 
ing which the farmer has. It is e.xtensively 
grown in the midlands and south-west of Scot- 
land and in some parts of England, and its 
merits ai'e also beginning to be appreciated 
and utilized in many districts of Ireland. In 
the eastern States of North America it is more 
widely grown than any othei- natural grass. 

Timothy is eminently adapted for growth on 
cold, heavy clays, and on deep, moist, black 
lands; but it does not thrive well on thin, dry, 
sandy, or on calcareous soils, or on badly 
drained, sour peats. It is extremely hardy 
against frost, and for this reason often affords 
good pasture very late in the season. It yields 
an abundant ci'op of the veiy finest quality of 
hay, which is relished by all classes of stock, 
and is specially piized foi' feeding to horses ancl 
to milk cows. One of its chief virtues is that 
it gives a large produce on lands which are too 
heavy and wet to be successfully green-cropped, 
and thus it obviates summer-fallowing. 

Timothy should be used in seed mixture for 
leas of short duration wherever the soil is suit- 
able, about 2 to 4 lb. per acre being included ; 
and about 2 lb. per acre may also be included 
in mixtures for permanent pasture. But its 
good qualities are most fully utilized when it 
is sown down to form a Timothy meadow ; and 
wherever conditions are favourable to its growth, 
farmers would be well advised to lay down a 
certain area with Timothy. The duration of 
a Timothy meadow depends largely upon the 
suitability of the soil, and varies from six up to 
ten years or even more. Sooner or later, other 
much less valuable grasses, such as Holcus and 
Bromus, will become predominant. The meadow 
must then be ploughed up, and it is often advis- 
able to put vmder a five or six years course of 
cropping, finishing with a turnip crop, before 
attempting to resow with Timothy. 

Timothy may be sown out instead of a root 
crop along with rape, or with Italian Eye Grass 
and Red Clover. In the former case, the rape 
must not be allowed to get too large before eat- 
ing off with .sheep ; and in the latter, the pro- 
duce may be fed off with sheep or cut green and 
fed to dairy stock. Suitable quantities of seed 
per acre would be 16 to 18 lb. Timothy and 
6 to 8 lb. rape; or 16 to 18 lb. Timothy, 6 to 
8 lb. Italian Eye Grass, and 2 lb. Eed Clover. 
The more popular method, however, is to sow 
out with a white crop. The Timothy may be 
sown alone at the rate of 18 to 20 lb. per acre, 
or it may be sown along with Italian Eye 
Grass and Eed Clover at the rate above men- 
tioned. The advantage of the latter mixture 
is that it ensures a full crop of hay the first 
year after sowing, but if too much Eye Grass 
be sown there is a danger of the Timothy being 
smothered out. In any case, the land should be 
clean and in good tilth ; it should be rolled well 



before sowing the seed, which should be covered 
lightl}' by means of the chain harrows, and 
finally rolled again. It is very bad policy to 
sow other natural grasses, such as Cocksfrot 
and Meadow Fescue, along with Timothy, as 
the latter comes much later into flower, and is 
not ready for cutting before the other grasses 
have become hai'd and wiry. Timothy reaches 
its full growtli about the second or third year 
after sowing. 

To obtain the finest quality of hay it is 
necessary to cut Timothy just when the bloom 
is going off the ears. If cutting be delayed till 
later, in the hope of securing a lai'ger crop, the 
plants become hard and woody in fibre, more 
indigestible, and so less nutritious. Of course, 
if it is intended for seeding, it must be allowed 
to ripen before cutting. Timothy is the most 
easily secured of all the grasses owing to its large 
stems, which allow the drying action to proceed 
freely and lapidly. "When gi-een cut, Timothy 
is handled in much the same way as ordinary 
ryegrass and clover hay, the method of har- 
vesting varying according to local custom. But 
when cut for seed it must be tied into sheaves, 
allowed to stand in stooks for four or five days, 
and then put into rickles until dry enough for 
threshing or stacking. It is usual and prefer- 
able to thresh it direct from the rickles. 

Where the land is suitable and has been 
heavil3' manured, crops of 4 to 5 tons per acre 
of Timothy may be grown, but a first-class ciop 
would be .3 to 3^ tons per acre ; and on poorer 
soils li to 2 tons may be considered quite a 
satisfactoiy yield. The yield of seed varies 
from 3 tti 5 cwt. per acre, according to the soil 
and stage of growth when cut. 

Timothy does not give a very large aftermath, 
but it continues to grow longer than almost any 
other grass, and in open seasons will afford pas- 
ture all through the winter. In the Carse of 
Stirling some farmers reckon this winter graz- 
ing alone to be worth 1.5s. to 20s. per acre. 

No crop responds better than Timothy to 
liberal and judicious manuring, and few will 
give a better return to applications of farmyaid 
manure. Well-rotted farmyard manure is best, 
and it may be applied in late winter or in early 
spring at the rate of about lb tons per acre. 
After spreading the dung, it is a good plan to 
put the harrows over the land in order to get 
more uniform distribution. This should be 
followed with a topdressing of from 1 to 1-J cwt. 
nitrate of soda or niti'ate of lime per acre, ap- 
plied about the first week in May. The dung 
need only be applied about every second year, 
and in the alternate years .5 cwt. per acre of 
basic slag applied in the autumn or winter will 
often give good results. But the nitrate should 
be put on every year. Where dung is not avail- 
able, its place may be taken by 4 cwt. super- 
phosphate, 1 cwt. potash manure salt, and i^ cwt. 
sulphate of ammonia per acre, applied in March, 
followed by the nitrate as before. On many 
Timothy lands a dressing of li to 2 tons lime 
shells may prove very profitable. No crop re- 
sponds better to an application of liquid manure, 
wherever it can be secured at a reasonable cost. 
It always pays to produce large crops of Timothy, 
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as the land is thereby kept much cleaner, and 
such weeds as Coltsfoot, so troublesome on clay 
lands, are eflfectually choked out. 

Timothy has also an indirect value as a soil 
fertilizei'. Its deep roots penetrate far down 
into the subsoil, promote aeration, and when the 
land is broken up they foiiu a lasting source 
of food material to succeeding crops. So that, 
even though large crops are taken off every 
year, it is found that, if judiciously manured, 
the laud under a Timothy meadow does not 
become deteriorated but rather improved. 

[J. w.] 

Tinea pelionella (the Common Clothes 
Moth). — Of all the little moths that infest 
houses, this is perhaps the worst, the cater- 
pillars destroying every article of wool or 
feathers. They are small white maggots, about 
J in. long, with a few hairs, ochreous heads, a 
slate-coloured line down the back, and sixteen 
legs. They form cases to dwell in of the ma- 
terial on which they feed, and within this they 
change to nut-brown pupse. The moths have 
a wing expanse of six or seven lines, and are 
entirely of a satiny buff colour, with black 
eyes, the wings being deflexed when at rest. 
They are most abundant in summer and autumn, 
but the larv;e are feeding all the winter. Cam- 
phor, Russia leather shreds, and pepper will 
keep them out of drawers, and baking infested 
articles in a gentle heat will destroy the insects 
in every stage of their existence. 

T. {Scardia) granella (the Little Grain or 
Corn Moth), also called tlie mottled woollen 
moth, does great mischief in granaries and 
magazines of stored corn. The moths, which 
abound in spring and summer, rest by day on 
the walls and beams with their wings closed, 
and at night fly about in order to pair, after 
which the female is capable of producing from 
thirty to seventy eggs, invisible to the naked 
eye, one or two being deposited on each grain ; 
from these the worms generally hatch in a few 
days, and eat into the grain, whether wheat, 
barley, rye, or oats, feeding upon the flour, and 
if one grain be not sufRcient, the caterpillar 
attaches another or more to it with its web and 
excrement, until it is full grown, when the 
corn-heaps are sometimes completely covered 
with a thick greyish-white web, from the mag- 
gots running over them in search of some 
crevice or chink to change to pup*. 

Whenever the granaries, &c., are empty, they 
should be thoroughly cleansed, and the walls, 
ceiling, and beams washed with lime and water, 
as hot as possible. The floors may also be 
sprinkled with salt dissolved in vinegar ; and 
salt, mixed with the corn, will kill the cater- 
pillars without injuring the grain. When the 
larvEe are feeding in the spring and summer, 
kiln-drying at about 78° F. will kill them ; and 
currents of cold air, by means of ventilators, 
are a safe and certain remedy, as they become 
torpid and die if a low temperature be sus- 
tained. 

A still more satisfactory method is to fumi- 
gate with carbon bisulphide, but this should be 
done by an expert, as the substance is highly 
poisonous and inflammable. j 



T. tapetzella (the Woollen Moth) is abundant 
in houses. The eggs are laid, in summer and 
autumn, upon woollen clothes, &.C., on which 
the larv« feed ; and as they grow, they form 
cases to live in ; and these often unite the folds 
in cloth and sacks into masses, when undis- 
turbed. The caterpillars sometimes injure 
beans, pease, and other seeds, when stored in 
damp places. They are about \ in. long, very 




Tinea tapetzella (the Woollen Moth) 

Figs. 1, 2, The moth (natural size and enlarged) ; 3, 4, 6, 7, 
the caterpillar; 5, the chrysalis; 8, chrysalis (magnified). 



active, fleshy, and yellowish-white, with longish 
hairs scattered over the body. Furs may be 
preserved from the ravages of this moth by the 
simple expedient of storing them during the 
summer in paper parcels carefully gummed up 
so as to close all apertures. [c. w.] 

Tipula oleracea (the CJranefly, or Daddy- 
long-legs). — The maggots of this large gnat aie 




Tipiila oleracea (Cranefly, or Daddy-long-legs) 

commonly known as 'leather jackets', but are 
sometimes incorrectly called wireworms by agri- 
culturists. They are exceedingly tough, but 
are destitute of legs. They are of a dirty-clay 
colour, composed of twelve rings besides the 
head, with two jaws, and the tail has six spines, 
enclosing two spiracles (fig. 1). They are most 
destructive animals in the field and garden, eat- 
ing through the roots of wheat, oats, beet, cab- 
bages, carrots, potatoes, turnips, scarlet beana, 
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lettuces, dahlias, carnations, and various flowers, 
from the end of April to the beginning of Au- 
gust, when they change to pupaj in the earth, 
of a dirty colour, with two short horns at the 
head, and spines on the belly ; from these the 
gnats escape in the autumn, leaving the pup* 
cases sticking out of the earth, as shown in fig. 2. 

The ily (fig. 3) is of a tawny colour ; the head 
is small with two black eyes, the front forming 
a cylindrical beak, at the tip of which are 
attached two feelers; the antenme are short, 
slender, thirteen -jointed, and dusky, the base 
tawny ; the trunk sub-globose, back ashy, with 
three obscure stripes ; under side and scutel 
hoary; abdomen clubbed in the male, very 
long and spindle - shaped in the female ; the 
back slate-colour, with a darker line down the 
back ; the apex horny, and furnished with two 
slender valves ; wings ample, rather smoky, 
the pinion edge and nervures ochreous-brown ; 
balancers long and slender, with dark clubs ; 
legs bright -ochreous, very long and slender, 
especially the hinder pair; tips of thighs and 
shanks with the feet brown, the latter very 
long, five-jointed, and terminated by two little 
claws. The wings of the male expand Ij, and 
of the female 2 in. 

The 'leather jackets' are sometimes observed 
crawling in great numbers over the ground in 
the early morning. Rolling at such a time kills 
many of them. Numerous birds eat them with 
avidity, and therefore frequent harrowing of 
infested crops is useful. The flies prefer rank 
grass in which to lay their eggs (fig. 4), and 
patches in the vicinity of crops likely to prove 
attractive to them should be rough-mowed. 

[j. c] [c. w.] 

Tits (Parid;e). — These familiar and viva- 
cious little birds haunt trees and shrubs in the 
pursuit of insects, destroying these in all stages 
of their existence. It has been alleged that 
Tits destroy buds, but it appears to be only 
diseased ones that they single out for attention. 
There are six British species, as follows : (1) 
Crested Tit {Parus cristatv^); practically confined 
to the forests of north and north-east Scotland, 
and distinguished by its black-and-white crest 
and the dark black colour of the under side of 
the body. Weed seeds are eaten as well as in- 
sects. The fur-lined nest is made in a hole ex- 
cavated in the base of a Scots Pine or in a rotten 
stump. The five to eight eggs are white with 
red spots. (2) Coal Tit {Parus ater); widely dis- 
tributed through British pine and birch woods, 
especially where these adjoin open ground. Grey 
in colour with a whitish breast, the distinctive 
featui-es are white patches on the sides of the 
head and back of the neck, and white-barred 
wings. Seeds are eaten in addition to insects. 
The mossy nest, lined with hair and feathers, is 
built in a hole either in a tree or in the ground. 
The five to ten eggs are white, sparsely spotted 
with reddish - brown. (3) Marsh Tit (Parus 
palustris). — This rather scarce and local species 
aflects damp meadows and similar places. The 
prevailing tint of the plumage is brown, lighter 
below, but the head is blackisli, and there are 
white patches on the sides of the neck. Thistle- 
fruits are added to the insect diet. The ill-con- 



structed nest is built near the ground in a tree- 
hole or an excavation made by the bird itself. 
The five to eight white eggs are speckled with 
reddish-brown. (4) Gi'eat Tit {Parus major). — 
Larger than its allies (6 in. in length), and more 
useful than any other species except the Blue 
Tit, this bird is common in almost all parts 
of Britain. The upper side of the body is dull- 
green, and the under side yellowish-green, while 
the head, throat, and a stripe down the breast 
are black. There is a pear-shaped white patch 
under each eye. Seeds and small fruits form 
part of the food in late autumn. It is also 
known to destroy bats and small birds in order 
to devour their brains. The nest resembles that 
of the Coal Tit, and is built in anv suitable hole. 




Blue Tit .iiid Nest. 

The five to nine white eggs are spotted with red. 
(5) Blue Tit {Parus cceruleus). — This is the most 
beneficial of all the tits, and is widely distri- 
buted throughout Britain. The upper side of 
the body is yellowish-gi-een, and the under side 
bright-yellow, while crown, wings, and tail are 
bright-blue. The sides of the head ai'e white, 
and there is a white line on the brow. Seeds 
form part of the winter food. The loose mossy 
nest, lined with hair and feathers, is usually 
built in a hole. The six to twelve eggs are 
white with red spots. (6) Long-tailed Tit {jEgi- 
thalus vagans). — This species, though widely dis- 
tributed in Britain, is commonest in the south 
and south-west of England. Its body is smaller 
than that of allied species, but the tail is rela- 
tively very long. Most of the upper side of 
the body is black, as also are the wings and 
tail, while stripes of the same colour relieve the 
whitish hue of head and breast. A characteristic 
feature is the white edging of wings and tail. 
Seeds form a smaller part of the food than in 
other species. The elaborate bottle-shaped nest 
(hence the local name ' bottle tit ') is carefully 



222 



Toad-flax — Tobacco 



made of moss covered with lichen, and cobwebs 
are used as a binding material. The lining is 
of feathers. A small hole near the top serves 
for entry and e.xit. Dense high bushes and 
shrubs, or low tree-forks, form tiie usual build- 
ing-places. The seven to twelve white eggs are 
generally, but not alwavs, marked with faint 
red spots and streaks. So beneficial are all the 
tits (especially the Blue and Great Tits) that 
they should be rigidly protected, and if possible 
helped to tide over severe winters by feeding 
with suet, beech mast, and acorns ; also by pro- 
viding nesting - boxes, which should be placed 
in inconspicuous places where cats cannot get 
at them. The hole for entry should be small 
enough to prevent an invasion by sparrows (for 
details see Hiesemann's How to Attract and 
Protect Wild Birds; Witherby & Co.). Fruit- 
growers sometimes complain that Great and 
Blue Tits now and then damage apples and 
pears by pecking them near the stalk; but even 
in such cases the good done by destruction of 
insects far more than outweighs the harm. It 
has been found that by planting rows of sun- 
flowers in the vicinity of orchards a counter- 
attraction in the form of the fruits is provided 
which keeps these birds from the pears and 
apples. Valuable pears have also been pro- 
tected by fitting pieces of cardboard 2 in. square 
round their stalks. [j. r. a. d.] 




Toad-flax (Linaria vulgaris). 1, Section of flower. 

Toad-flax (Linaria) is the common name 
for a poisonous genus of herbaceous dicotyle- 
donous plants belonging to the nat. ord. Scro- 
phulariacetie. Various species occur as occa- 



sional weeds, but, though poisonous, they never 
injure stock, fiir they are so nauseous that the 
animals utterly reject them. A Toad -flax is 
readily recognized by the two -lipped corolla 
closed at the mouth like Snapdragon, and by the 
pocket- like prolongation (spur) on the lower 
face of the corolla. Common Toad-flax {Linaria 
vulgaris) is a creeping perennial of sandy fields 
with yellow flowers, erect stems 1 to 2 ft. high, 
and glaucous narrow leaves. [a. n. m'a.] 

Toads (Bufonidie), a family of tailless Am- 
phibians, without teeth in either upper or lower 
jaws, and without ribs. Most Bufonidse are 
terrestrial and many burrow, but aquatic and 
arboreal forms occur. In many cases the body 
has a thick-set appearance and the skin is very 
warty. The British toad {Bufo vulgaris) is a 
good representative. It may be distinguished 
from the common frog in many ways, e.g. by its 
wrinkled, rather dry skin, covered with wart- 
like poison glands and minute horny spines, by 
its duller coloration — predominantly grey and 
brown, by the less developed web between the 
toes, by the absence of teeth, by the dift'erent 
mode of locomotion — more crawling and less 
jumping, by being an expert climber, by its 
marked nocturnal activity, by hibernating far 
from water, and by laying the eggs in long 
strings in the water, not in clumps. The poison, 
known as phrynin, secreted by the skin glands, 
is volatile and repulsive to many animals ; it 
saves the toad from being molested as often as 
it might otherwise be. The toad has no power 
of spitting or squirting its poison. It is a gentle, 
harmless animal, easily tamed, and verv useful 
to farmer and gardener alike, for it destroys 
large numbers of slugs and iiijurious insects. 
Its food must be alive and moving. The natter- 
jack toad {B. calaviita), locallj' distributed in 
England, Wales, and south-west Ireland, is also 
a notable insect-eater. The common Indian toad 
{Bufo melanostictjis) eats ants and bees ; the giant 
South Ameiican toad (Bufo viarinus) eats large 
numbers of mosquitoes and the like ; the Mexi- 
can toad {Rhinophrynus dorsalis) feeds mainly 
on termites. Similar statements may be made 
in regard to a large number of toads. Old tales 
as to toads hurting cows' udders and the like 
are entirel_y without foundation. [j. a. t.] 

Tobacco and Snufl^ may be described 
as special preparations of the leaves of certain 
species and varieties of Nicotiana, a genus of 
herbs of the nat. ord. Solanacea;. Of the forty- 
one species that have been described, only two, 
or perhaps three, are of commercial value, but 
under each of the economic forms have to be 
placed many varieties and races. The following 
may be accepted as the more important: — 

1. Nicotiana Tabacum, Linn., a native of tropi- 
cal Amei-ica, having under it — (a) var. fruticosa, 
the narrow - leaved shrubby tobacco, a native 
of Mexico and Brazil ; it afl'ords the races 
known as Carabobo, China, Nepal, Doniaku, 
Singapore, and South India. (6) Var. land folia, 
a native of South America, is the source of the 
Domingo, Kentucky, Burley, Cattaro, Kashmir, 
and other Indian hill tobaccos, (c) Var. t>irgi- 
nica. — This came originally from the Orinoco, 
was introduced by the English planters into 
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Virginia, and has given among others the Big 
Orinoco or Virginian Broad Leaf, Yellow Orinoco, 
Blue Pryor, Yellow Mammoth, Golden Leaf, &c. 
(d) Var. brasiliensis, the petum of Brazil, a native 
of that country and of Guiana, Venezuela, and 
Bolivia. It embraces the following special races 
— Brazil, Bahia, Paraguay, Pernambuco, Floiida, 
Maryland, Ohio, &c. (e) Var. kavanensis, in- 
digenous to Mexico, but early carried by 
the Spaniards to Cuba, and the most highly 
valued Havana tobacco, of which there are 
many races, such as Havana Seed-leaf, Connec- 
ticut, Pennsylvania, Wilson's Hybrid, Zimmer's 
Spanish, Manila, &c. (/) Var. macrophylla, 
a native of Mexico, but now the chief form 
grown in Northern India, Persia, Egypt, 
Peru, &c. It affords much of the so-called 
Marylands of modern commerce, also of 
Cuba, Varinas, Venezuela, Makala, Saloniki, 
Ai'gos, &c. 

2. iV. rustica, Linn., a smaller plant than 
the pieceding, and which has orbicular leaves 
with distinct stalks, and is leathery in tex- 
ture, with pale-greenish- white, short but 
wide flowers. Collectively the tobaccos of 
this species are usually classed as Turkish or 
East Indian. The various grades of snuff 
are mainly made from one or other of its 
forms. It was probably originally a native 
of Mexico and Texas, where it is still known 
as the picietl. There are numerous varieties 
and cultivated races placed under it, of which 
the following may be mentioned: (a) var. 
texana, the form early grown in France ; (6) 
vax. jainaicensis, met with in Jamaica, Guate- 
mala, &c. ; (c) var. hrasilia, often called fumo- 
crespo, and frequently used for snuff'; {d) 
var. asiatica, the chief source of Syrian, Ara- 
bian, and much of the Persian and Abys- 
sinian tobaccos, which are sometimes desig- 
nated the common or English tobaccos, and 
when njade into snuff is held to be superior 
to most other grades ; (e) var. humilis, largely 
used in the manufacture of snuff, specially 
that in favour in Germany. 

3. A^. alata, Lk. et O., a native of Brazil, 
and cultivated in gardens in Europe, Peisia, 
&c. This is supposed by some to be the chief 
source of the tumheki of Persia; by others that 
tobacco is regarded as owing its peculiar pro- 
perties to the soil on which grown, the method 
of treatment, &c., and not to the stock of plant 
actually raised. 

The commercial classification of tobaccos is 
naturally based on the purpose for which each 
grade is suited: (a) Cigar-wrappers — the outer 
leaf of the cigar— for which tlie mo.st highly 
prized are the Sumatra, Connecticut, Havana, 
&c.; Qi) Cigar-fillers — the leaf placed in the 
interior of the cigar— such as Cuban, Zimmer's 
Spanish, &c. ; then comes (c) Pipe Tobaccos, of 
which mention may be made of North t^arolina. 
Bright Yellow, Maryland, &c. ; (d) Plug To- 
baccos — White Burley, Orinoco, Yellow Mam- 
moth, Virginia, Blue Pryor, White Stem, &c. 

Tobacco was not known in Europe and Asia 
prior to the year 1492, when America was dis- 
covered. Of Europeans it was first seen by the 
followers of Columbus when they landed at 



Cuba. In 1531 the Spaniards commenced to 
cultivate tobacco in San Domingo; in 1535 seed 
was blought to Europe; and in 1560 Nicot (in 
honour of whom the genus was named) saw the 
plant being grown in Portugal, and sent seed 
from there to Catherine de Medicis. In the 
same year, tobacco was conveyed to England by 
Thomas Hariot, Sir Francis Drake, and others ; 
while from 1570-84 Sir Walter Ealeigh made 
tobacco-smoking popular in England. In 1596 
Ben Jonson in Every Man in his Humour 
gave the arguments for and against tobacco; 
while King Jamec I issued his Counterblast in 
1603, and raised the tax to 6s. \Qd. on the pound. 




Tobacco Plant— Flower and Leaf 

King Charles in 1630 prohibited the cultivation 
in England and Ireland, where, according to 
Macpherson, great quantities were being grown. 
By an Act of 1663 cultivation in England was 
again prohibited, and Charles II, by an Act of 
1670, compelled the imports intended for Ire- 
land to be conveyed in the first place to Eng- 
land. In 1731 Virginia and Maryland were 
regarded as most valuable to England because 
of their tobacco, so that in spite of all opposi- 
tion the weed had apparently assumed a posi- 
tion of importance. By a special Act of George 
III, 1780, tobacco cultivation in Ireland was 
allowed, but not in England nor in Scotland; 
and lastly, in 1830 William IV again prohibited 
the Irish cultivation. The repressive legislation 
of the British Government was entirel_y a con- 
sequence of the desire to favour the then British 
colony of Virginia. Recently experimental cul- 
tivation in England, Ireland, and Scotland has 
been authorized; and the success so far attained 
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gives promise of an extended industry in the 
future, if production can be freed from anti- 
quated restrictions that have fai- too long out- 
lived the conditions under which they came 
into existence. 

During the reign of Queen Anne the annual 
revenue from tobacco was £250,000 ; and to-day 
it comes to well over 13 millions sterling, after 
an allowance for drawbacks on re-exports. The 
average imports for the past five yeai-s have 
been : manufactured tobaccos of all kinds, valued 
at from Ij to 1| million sterling, and unmanu- 
factured from 2h to 3 millions steiling. The 
corresponding weights were, for manufactured 
tobaccos, 3^ to close on 5 millions, and of un- 
manufactured, from 86i to 119 millions of pounds. 
These imports come mainly from the United 
States of North America, followed by Cuba, 
the northern States of South America, Manila, 
Borneo, and Biitish India. But of these quan- 
tities imported, a considerable proportion of the 
raw stuff' is worked up in bond and either ex- 
ported, or used in Great Britain itself, so also 
a certain share of the foreign imports are re- 
exported. Of these exports, the British manu- 
factured tobaccos sent outside the country in 
1907 came to 14,709,784 lb., valued at £1,262,498; 
and the re-exports during the same year were 
4,557,083 lb., valued at £217,365, manufactured 
and unmanufactured together. In the consump- 
tion of tobaccos Belgium comes first with 5'50 lb. 
to the head of population ; then Holland, 440 lb. ; 
Germany, 3'30 lb.; Austria, 2'75 lb.; Norway, 
2-24 lb.;" Russia, 1-83 lb.; France, 1-78 lb.; Great 
Britain and Ireland, 1'72 lb.; and Spain, 1'08 lb. 

For successful cultivation tobacco requires a 
rich sandy loam, containing a distinct percent- 
age of potash and lime, togethei' with plenty 
of vegetable matter. Good tobacco cannot be 
raised on poor soils, unless heavily manured, 
while clay and calcareous soils are unsuited. In 
some of the best localities (of India, for example) 
water is so near the surface that temporary 
wells can be formed throughout the fields ; but 
while subsoil moisture is desirable, good drain- 
age is indispensable. A humid atmosphere 
during the early months of growth is essential. 
While all the species are natives of the Tropics, 
tobacco cultivation is pursued during the colder 
months of warm tracts and the hotter of cold 
regions, so that as a summer crop its production 
has been extended into the temperate countries; 
in fact the greater propoi'tion of the leaf of 
commerce is obtained from the temperate States 
of America, and a considerable propoition is 
even now raised in Europe. The land must 
be deeply and thoroughly ploughed and cross- 
ploughed, lime ashes and farmyard manure being 
liberally applied before the last ploughing ; in 
this way the weeds are killed and the soil made 
friable. It is then thrown into furrows 6 in. 
deep and 3 ft. apart. Nurseries are also pre- 
pared in a shady situation, the soil of which is 
usually burned along with the weeds and all 
the brushwood available. This kills injurious 
germs, and the ashes produced check the growth 
of insects, besides being a highly beneficial man- 
ure. In about six weeks the seedlings will be 
ready for transplanting, and will be from 3 to 



4 in. high. They are best transplanted into the 
furrows and 18 in. apart, this being accomplished 
in the afternoon so as to give the seedlings the 
cool of the night to recover. If dry weather 
supervene, irrigation within the furrows may 
become necessary. After two or three leaves 
have formed and the plants have begun to 
grow vigorously, the earth may be pulled down 
gradually around the stems until the furrows 
are filled up, and the plants then stand on 
slightly raised ridges. 

In from thirty to forty days from transplanting, 
the flower buds will appear, and these must be 
carefully nipped off; and a little later, when 
lateral shoots begin to show in the axils of the 
leaves, these also must be removed, so as to 
force the plant to concentrate its eftbrts in the 
formation of leaf. At this stage there should 
be from eight to twelve leaves to each plant. 
As soon as these have attained the required 
maturity, the plants must be cut down to the 
ground with a sharp knife. It is usually found 
that harvest time has been reached in from 
two and a half to thi'ee mouths from sowing 
time. The surface of the leaves will be then 
gummy, the texture appear granulated, the 
colour become greenish - yellow with irregular 
paler-coloured blotches, the edges and tips will 
have cui'led, while if bent backwards they will 
break off. Before cutting the plants, in many 
parts of the tobacco area it is customary to 
construct a crude framework through the field 
in rows. This consists of forks driven into the 
ground, and so adjusted as to carry sticks of 
a uniform length, say 6 ft. long. The plants 
are then taken in hand one bj' one and cut up 
into pairs of leaves. The good leaves are thrown 
over certain sticks and the infei'ior ones over 
others. Thus assorted, they are left to dry and 
wither in the sun ; but if rain or heavy dews 
come, they are at once carried within doors, and 
the sticks with their leaf placed across beams 
fitted for that purpose within the drying-house. 
In some localities the pairs of leaves are simply 
spread on the ground for an hour or two to dry, 
and are then carried to the withering-house and 
hung across sticks in the way described. But 
there is great skill in drying. Eapid drying 
will produce pale leaf, and slow drying dark- 
coloured leaf. When the midribs are quite dry 
(and usually this takes some thirty days) the 
pairs of leaves, or portions of stems and attached 
leaves, are then ready for the next operation. 
They are taken down, separated from thick use- 
less stems, and placed in heaps on the floor to 
ferment or sweat. For tliis purpose they are 
flattened out carefully and built into circular 
stacks, the stems or leaf- stalks being pointed 
inwards and the leaves outwards. It is prefer- 
able to select a damp day for this work. Sepa- 
rate stacks are built up of the finer leaves by 
themselves. The stacks may be from 2 to 6 ft. 
high, and it is customary to cover them over 
with cloth. After one or two days the stacks 
are pulled down and remade, two stacks of one 
quality being dealt with simultaneously, so that a 
leaf from one and the second from the other may 
be used in construction of the new stacks. Care 
is also taken to secure that leaves that were in 
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the centre of the old stacks will go to the cir- 
cumference of the new ones. A week later the 
stacks are once more pulled down and remade, 
and this may be continued for a month or six 
weeks. Uniform and continuous fermentation 
is thus secured. 

It will accordingly be seen that dried leaf of 
Nicotiana Tabammi is not necessarily tobacco. 
The fermentation, to which the dried leaf has 
to be subjected, is essential. Oxidizing enzymes 
are the principal agents in producing the colour 
and aroma characteristic of the carefully pre- 
pared leaf. Three distinct forms have been 
recognized : the first is called oxidase, and is 
an exceedingly active ferment, but destroyed by 
a heat of 150"^ F. ; the second, peroxidase, is more 
resistant, and only destroyed at 190° F. ; while 
the third, catalase, is more resistant still. The 
changes effected by these ferments are very 
striking. During the drying of the leaf the 
starch is transformed, and the greater part of 
the sugar thereby produced in time disappears. 
The albuminoids and the tannin decrease, and 
the change in colour is accomplished at the same 
time. In the sweating stage the last trace of 
sugar should disappear, the nicotine decrease, 
but the resulting amides increase. The leaf 
becomes distinctly alkaline, and the aroma is 
greatly developed. 

After the stacks of leaf have become cold, 
the changes briefly indicated have been accom- 
plished. The leaves are then ready for being 
tied together into fan -shaped bundles, often 
called 'hands'. The string used is an unsound 
leaf twisted into a rope. It is most important, 
in this operation, that the leaves should be re- 
tained in a perfectly flat position, and to attain 
this the greatest skill is necessary. The form 
and size of the 'hands' is as a rule peculiar to 
each country or grade of tobacco. It is also 
necessary to ascertain the amount of moisture 
present in the leaf, since that will affect the 
amount to be paid, on its being carried to coun- 
tries with an import duty. In England the 
standard may be spoken of as 10 per cent, but 
great differences exist in the drinking qualities 
of tobacco. In the manufactured state, 100 lb. 
of tobacco will usually contain 65 lb. of actual 
leaf, the rest being water. It thus follows that 
the incidence of import duties will be imme- 
diately aff'ected by the amount of moisture pre- 
sent. The ' hands ' of leaf are packed carefully 
into bales, boxes, or hogsheads, and it is of 
importance to compress the leaf as much as 
possible, so as to exclude air and prevent the 
absorption of moisture. [o. w.] 

Tobacco Growing in Britain. — Though 
several .species of the tobacco plant are in culti- 
vation, nearly all the tobacco of commerce is the 
product of one species, Nicotiana Tabacum. This 
species has become adapted to a wonderful variety 
of soils, climate, and methods of culture, all of 
which affect, in some degree, its quality or char- 
acteristics, and thus give rise to the endless 
number of varieties now in cultivation. The 
tobacco produced by every country and district 
has distinct characteristics, and the trade recog- 
nizes this by dividing cured tobaccos into classes, 
according to their use; into types, according to 
VOL. XI. 



their origin or peculiar character; and into 
grades, accoi'ding to quality. 

In selecting the type of tobacco best adapted 
for cultivation in the British Isles, careful con- 
sideration must be given to the nature of climate, 
soil, market demand, and to the I'elation between 
cost of production and selling price. Extensive 
commercial experiments conducted by the Irish 
Department of Agriculture have shown that 
pipe tobacco is the easiest to produce and sell; 
that cigarette tobacco of rathei' distinct tj'pe can 
be produced by methods well adapted to the 
climate, but it is not easy to find a market for 
it ; that a cheap cigar or fermented tobacco, 
which seems best adapted to this climate, is 
in least demand in British markets. 

Climate and Soil. — In this climate the tobacco 
plant will not fully mature in less than 100 days. 
Though cold nights retard growth and naii-ow 
the leaves, the plant can withstand a few degrees 
of frost without injury. The cool moist atmos- 
phere of the British Isles makes the tobacco 
plant to a large degree independent of varia- 
tions in soil moisture, which in drier and hotter 
climates is a prominent factor in determining 
the type of tobacco a soil is adapted to produce. 
Almost any good tillage soil may be made to 
produce tobacco, but it flourishes best in a free 
open soil well stocked with vegetable mould and 
plant food. 

Varieties. — The most suitable varieties of pipe 
tobacco are Yellow Orinoco for earliness. Yellow 
Pryor for medium size and earliness, and selected 
Blue Pryor for large leaves specially suitable for 
plug and roll wrappers. For cigarette tobacco 
the bright Samos variety is distinctly superior. 
For cigar wrappers the Sumatra variety, im- 
ported from Connecticut and acclimatized, pro- 
duces the highest type of wrapper; but Halliday, 
a Connecticut hybrid variety, is not so delicate 
and liable to injury. Hallida,y is also superior 
to other varieties for the production of cigar 
bunch wrappers. Even the best varieties are 
unreliable unless they are kept perfectly true 
and uniform by careful seed selection. Seed 
should be procured from only tobacco-seed spe- 
cialists or careful tobacco growers. The best 
seed should test fully 75 per cent good, and one 
ounce will easily yield 70,000 good plants. 

Cultivation. — Seed should be sown from the 
middle of March to the middle of April in tight, 
glass-covered hotbeds heated by horse manure. 
If sown at the rate of ^ oz. of best clean seed t<i 
each (6 by 4) foot sash, this area may be relied 
upon to produce from 1200 to 1500 plants fit for 
the field within a period of six to eight weeks. 
Fields for tobacco must be very well sheltered, 
and free from slugs, wireworms, and leather- 
jacket larvte, which destroy the J'oung trans- 
plants. Tobacco may be substituted for an 
ordinary green crop iu many rotations, or may 
succeed itself indefinitely with proper manur- 
ing. In order to produce the I'apid growth and 
maturity so necessary for the tobacco plant, the 
soil must be in the very finest condition. 

Manures affect both the quality and yield of 
tobacco. For quality, an excess of niti'ogen and 
phosphate and all chlorine manures should be 
avoided. Potash should be abundant if high- 
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burning quality is desired. The most economi- 
cal and effective system of manuring for tliis 
country is to broadcast 20 to 30 tons of well- 
rotted manure in the autumn or early spring, 
and apply from 6 to 12 cwt. of readily available 
artificial manure in the drill ' back of the scraw' 
immediately before planting. The formula which 
has given the most general satisfaction in the 
Irish experiments consists of: — 

30 parts sulphate of ammonia, equal to .576 per 

cent nitrogen. 
.54 parts 35-per-cent superphosphate, equal to 

17'5 per cent soluble phosphate. 
16 parts sulphate of potash, equal to 7 '6 per cent 

potash K2O. 

In this climate properly hardened plants will 
withstand five degrees of frost, but it is scarcely 
safe to begin planting before the 20th of May. 
Planting should be completed as soon after the 
1st of June as possible. The distance between 
plants has a pronounced effect upon the quality 
and characteristics of the cured tobacco, and 
should vary with the type of tobacco grown, 
with the soil, and with the climate. The varie- 
ties recommended should be planted as follows: — 



Pipe ■[ 
Cigarette 
Cigar \ 



Variety. 



Pryor . . 
Orinoco 



Sumatra 
Halliday 



Distance in inches 
between-- 

Plants. 



36 
36 

30 

36 
36 



24 
20 



12 
12 



Tobacco should be planted on very low flat 
drills, and in cultivation the roots should be 
kept well covered. Weed growth should be 
absolutely prevented by frequently stirring the 
soil, deeply at first, and then more shallow as 
growth proceeds. 

Topping. — The practice of topping or remov- 
ing the seed-head should vary with the class and 
tj'pe of tobacco. Tobaccos requiring large thick 
leaves should be allowed to bear about ten leaves, 
while Samos cigarette and Sumatra cigar varie- 
ties should not be topped at all, in order to keep 
the leaves of Samos small, and of Sumatra deli- 
cate and thin. The Halliday variety should have 
the flower-head and a few top leaves removed 
when the lower leaves are turning ripe. All 
suckers or lateral growths should be broken off 
when 4 to 6 in. long. Ripening is hastened by 
the topping and suckering operations. Ripeness 
is indicated in the leaf by curling of the edges 
and drooping, change of colour and texture, loss 
of smoothness and gloss, increase of body and 
brittleness. 

Harvesting. — As all of the leaves on the plant 
do not ripen at once, the highest-class cigar and 
cigarette varieties are harvested by removing 
tlie leaves as they ripen from the ground up. 
With lower -cla.ss tobaccos, notably pipe varie- 
ties, the entire plant is harvested when the 
middle leaves are fully mature. The lower leaves 
of Sumatra and Samos varieties may be fit to 



harvest the latter end of July, and all of the 
leaves may be gathered before the 1st of Sep- 
tember; whereas the Pryor, Orinoco, and Halli- 
day varieties will not be ready for harvesting on 
the stalk until the 1st of September or later. It 
is desirable to harvest tobacco after a few bright 
days have caused the natural oils and gums to ac- 
cumulate in and on the leaf. A sunny day is also 
a great advantage when harvesting, as the rapid 
evaporation causes the leaves to wilt, which per- 
mits the plants to be handled without breakage, 
and housed in less space without danger of sub- 
sequent mould and rot. Placing the cut plants 
upon scaffolds in the field also serves the same 
purpose. From five to eight plants are speared 
through the lower ends of the stalks on a lath 
4 ft. long, li in. wide, and h in. thick. When 
the leaves are harvested separately they are 
strung with a needle, and the ends of the twine 
are attached to the ends of light 4 -ft. laths. 
These laths of either leaves or plants are care- 
fully placed in the curing barn on horizontal 
supports so arranged that the whole interior 
may be filled with tobacco and yet admit the 
air to every plant and leaf. 

Curing. — Curing barns may be designed to 
afford mere protection from inclement weather, 
or for the more difficult purpose of regulating 
the temperature and humidity to an exact de- 
gree. New tobacco barns should be constructed 
of wood. A convenient height and width is 
20 ft. They may be of any length, though small 
barns are best. Ventilators should be abun- 
dant, evenly distributed, easily controlled, and 
arranged to prevent rain from beating or blow- 
ing in. A new wooden barn to accommodate 
the produce of 2 ac. of Pryor tobacco, suitable 
for both tobacco curing and cattle feeding, may 
cost .£80. Existing structures of many kinds 
may be cheaply converted into curing barns 
by providing controlled ventilation, supplying 
simple means of heating, and erecting supports 
or racking on which to hang the tobacco plants. 

Curing is not merely' drying, but is a chemical 
process the exact changes and reactions of which 
cannot be fully explained. Sun curing is not feas- 
ible in Britain. Air curing, when supplemented 
in unfavourable weather by some simple means 
of heating, is a success with all of the types 
recommended excepting Samos, which should 
be cured rapidly by artificial heat. Heat may 
be supplied cheaply by means of stoves, coke 
braziers, or in the case of certain tobaccos, by 
means of open hardwood fires and peat fires 
handled in a special manner. British markets 
take large quantities of fire-cured pipe tobacco, 
but cigar and cigarette tobaccos should never 
bear the odour of smoke. Curing proceeds by 
the following stages: — 

1. Wilting. — The leaves should lose moisture 
rapidly and become limp, but drying should not 
proceed too rapidly, else the green colour will be 
fixed. 

2. Yellowing. — Their colour gradually changes 
from green to yellow, beginning at the tips and 
edges of the leaf. 

3. Browning. — The yellow colour gives place 
to brown in the same manner. 

4. Fixing. — As the brown colour runs the leaf 
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should lose its surplus sap, otherwise mould and 
rot will set in. 

5. Killing. — When the brown colour is spread 
and fixed in all the leaves, the midribs must be 
killed or dried out thoroughly in order to pre- 
vent mould and I'ot. The leaves are then in 
condition to strip from the stalk and grade. 

Preparation for Market. — The preparation of 
tobacco for market involves the operations of 
grading, bulking, fermenting or sweating, order- 
ing, packing, and ageing. In tobacco-producing 
countries these operations are not usually per- 
formed, e.xcept in a temporary way, by any but 
the largest growers. The tobacco, graded roughly 
or not at all, is sold either loose or in rough 
packages to middlemen, called rehandlers. It 
is their business to grade, prepare, and pack the 
tobacco for special markets with which they are 
in touch. These facilities cannot exist, however, 
in the experimental stage of the industry. 

Grading. — Each type of tobacco is graded 
differently. Sumatra tobacco is graded, after 
fer'menting, into as many as seventy grades. 
Pipe tobacco is graded as the leaves are stripped 
from the stalk into three grades. 

Fermentation. — All tobaccos undergo some 
degree of fermentation before they are fit to 
use. It may be violent and rapid for cigar, 
moderate for heavy pipe tobacco, and mild and 
prolonged for cigarette. Cigar tobacco is fer- 
mented for six weeks to three months in large 
orderly plies. Pipe tobacco is sweated and 
cigarette tobacco is slowly matured after being 
packed for market. 

Fackiiig. — Cigar and cigarette tobaccos are 
packed in bales weighing from 100 to 300 lb. 
Pipe tobacco is packed either in bales or hogs- 
heads, and in order to reduce its moisture to suit 
commercial requirements it is superdried, and 
then brought into order for packing by means of 
steam vapour. Very expensive apparatus is used 
for this purpose by American rehandlers. 

Marketing. — It is very difficult to develop a 
market for a new tobacco, for the reason that 
tobacco manufacturers are very conservative and 
look askance at an unknown product. If it is 
a tobacco of merit, however, it may eventually 
gain recognition and gradually develop a reputa- 
tion. In the meantime it may find a sale owing 
to a general scarcity of tobacco in the markets, 
or by being offered at a very low price. It is 
far more difficult to establish a reputation for 
quality than for cheapness, but the production 
of a cheap inferior tobacco seldom pays. All 
tobacco leaf sold and consumed in the United 
Kingdom must pass through a bonded ware- 
house, where duty must be paid upon the net 
weight of tobacco before it is withdrawn for 
manufacture. The tobacco may be sold through 
a broker or direct to the manufacturer. 

Remits. — Yields vary greatly with the soil, 
manuring, and type of tobacco grown. The 
varieties recommended will yield from 900 to 
1500 lb. of dry tobacco per acre, and the price 
will vary from id. per lb. for pipe tobacco to Is. 
per lb. for cigai' wrappers. The cost of produc- 
tion, including every legitimate charge, is not 
less than £20 per statute acre for pipe tobacco, 
J35 for Samos, £40 for Halliday, and £50 for 



Sumatra. Many of the charges for attendance 
and oversight included in these estimates might 
be omitted in the case of a farmer who does his 
own work with the assistance of his family. It 
is not likely, however, that the profit can be 
made sufficiently attractive to the British farmer 
without Government help or protection, espe- 
cially at the beginning, when he is learning to 
grow a crop with which he is quite unfamiliai'. 
Tobacco is regarded as a valuable farm crop for 
the reason that it affords a large amount of fairly 
regular employment, and because the produce, 
when properly packed, is non-perishable, and 
may be cheaply transported to distant markets. 

[g. n. k.] 

Toggenburg Goat. — Of the four prin- 
cipal Swiss varieties this is the most esteemed 
as a milker, especially in England. It is met 
with throughout the canton of St. Gall, but 
especially in the valley whence it derives ita 
name, and where great pains are taken to breed 
it pure to type. The unique drab tint of the 
coat may best be described as mouse-coloured, 
and it has certain white or greyish markings 
which are also a feature of the breed. There is 
always a streak of grey down each side of the 
face, the same colour being noticeable on each 
side of the tail, under the body on the interior 
of the thighs, and on the legs as far as the 
knees. In Switzerland both long- and short- 
haired specimens are met with, but in England 
the former are discountenanced. On the other 
hand, with us there are many possessing horns, 
whereas in their native valleys these are rarely 
seen, as the Swiss breeder destroys any kids 
that possess these attributes. The ears in this 
breed are of medium size and as a rule pricked, 
though sometimes carried in a horizontal posi- 
tion. Some remarkable yields have been re- 
corded from milking prize stock in England. 
A herd of five goats belonging to Mr. Gates of 
Guildford gave in one year 7140 lb. of milk, or 
about 714 gal., whilst a three-quarter-bred goat 
belonging to Mr. B. Hook of Churt, Surrey, gave 
in ten months 1025 lb. See also Goats, Breeds 
OF. [h. s. h. p.] 

Tomato. — The Tomato or Love Apple 
Lycopersicum esculentum) is a tender annual 
introduced from South America about the same 
time as the potato, and extensively grown in 
the warmer parts of Europe for its fruit, but 
only recently valued in this country, although 
long grown by lovers of the curious as a decora- 
tive plant. Closely related to the potato and 
the aubergine, the Tomato is distinguished by 
its unarmed procumbent stems, unequally pin- 
nate leaves, green above, glaucescent beneath, 
and more or less hairy, and its large, fleshy, 
multicelled fruits containing numerous seeds 
embedded in a soft, juicy pulp. Under cultiva- 
tion it has varied chiefly in the size and form of 
its fruits. There is also considerable vaiiation 
in the thickness of the skin, and in the flavour 
and juiciness of the pulp. Upwards of a hun- 
dred named vaiieties are in cultivation in this 
country alone. Many of these, however, are 
scarcely distinguishable from each other, a dif- 
ference in quality being due to a slight difference 
in strain, also to the care exercised in the cuiti- 
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vation and selection of the plants from ■which 
seeds are saved. 

Cultivation out - of- doors. — Notwithstanding 
the tender nature of the Tomato, it may be 
successfully cultivated in the open air in sum- 
mer in the warmer parts of the British Islands, 
and if favoured with hot, dry weather excellent 
crops of good-quality fruits aie produced with 
very little outlay. Soil that will grow potatoes 
will also grow tomatoes, and their cultivation 
does not differ much, except that the young 
plants require protection until the end of May, 
when they may be planted outside, and as the 
stem elongates it is supported with a stout 
stick. Plants for this purpose are raised from 
seeds sown early in April and placed in a little 




Fig. 1. —Stout end Stake, with 
Tomato Plant, showing type usually 
planted by market-growers 



Fig. 2.— Bamboo 
Plant turned 



warmth to germinate, trausferiing them singly 
into 3-in. pots as soon as they have formed two 
true leaves, and keeping them in a warm house 
or frame for a few weeks. They may then be 
brought along with such plants as geraniums 
and fuchsias, affording them plenty of light and 
air when the weather is favourable, so as to 
keep them sturdy. An open, sunny border, 
shaded from wind, having been prepared for 
them by digging, they may be planted 3 ft. 
apart and at once well watered. Blank spaces 
on walls devoted to fruit trees or in front of 
a house facing south may be utilized for toma- 
toes, or they may be put in deep frames pre- 
viously used for wintering tender plants, where 
they may be nursed along by a judicious use of 
the lights until they are strong enough to be 
permanently exposed. The main shoot should 
be supported by a stout stick 4 ft. or .5 ft. high, 
or if against a wall, with a tie here and there. 



All lateral shoots should be pinched out early 
so as not to interfere with the development of 
the flower raceme produced from the leaf axils 
on the main stem, and on which the fruits are 
borne. It is not necessary to remove any por- 
tion of the leaves from the main stem. The 
fruit should commence to ripen from July on- 
wards. After September it is advisable to 
remove all the full-sized green fruits, and place 
them in a warm room or on a shelf in the green- 
house, where they will soon ripen and develop 
colour. 

The market gardeners who grow tomatoes on 

a large scale out-of-doors prepare the ground 

by manuring it well in advance of planting 

time. Some use a chemical manure made up as 

follows: Nitrate of soda 4 cwt., 

superphosphate 8 cwt., sulphate 

of potash I cwt., sulphate of 

iron i cwt. per acre. They set 

the plants 15 in. apart with 3 ft. 

between the rows, otherwise 

the treatment is similar to that 

already described. 

The cultivation of tomatoes 
under glass is now an important 
industry. They are most profit- 
able as an early summer crop, 
when, if marketed in June, the 
fruit realizes something like 8rf. 
per lb. They are grown as a 
rule in pots or boxes, the plants 
being raised from seeds sown in 
January, and the young plants 
treated to tropical conditions, 
keeping them close to the glass, 
where they will get plenty of 
light. They are finally planted 
in 10-in. pots and placed in 
rows in low, light houses ; the 
soil used for them is a pure loam 
without manure, this being sup- 
plied later if necessary when 
the fruit is maturing. While 
the house is kept warm, the 
minimum temperature never 
falling below 60° F., plenty of 
ventilation is provided, which 
is necessary to prevent out- 
breaks of disease. The plants are liberally sup- 
plied with water at the root, that is, they are 
well watered when dry. When in flower it 
pays to assist fertilization by tapping the flower 
racemes with a twig, at the same time keeping 
the temperature rather high. The main crop 
of tomatoes grown under glass is obtained from 
plants that are put into their fruiting pots or 
boxes in April, or if the houses stand on soil 
that is suitable they may be planted out. Mag- 
nificent crops have been obtained where liglit 
houses have been set up over good agricultural 
soil in which the tomatoes have been set about 
2 ft. apart, and trained either along the roof or 
to stakes set upright, restricting the growths 
by pinching, and encouraging the development 
of flower racemes in the leaf axils of the main 
stem. The secret of success with tomatoes 
under glass lies principally in the ventilation 
and the maintenance of a regular temperature. 




Cane, with Tomato 
out of 6-incli put 
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Wlien the light is good a high temperature with 
ventilation aftbrds the ideal condition. The 
question of succession is one of adjustment to 
weans. Tomatoes may be grown so as to ripen 
their fruits at any time of the year. They are 
difficult to bring to perfection in midwinter, 
but where the conditions are favourable winter 
crops will pay, although the competition of im- 
ported tomatoes of very fair quality is now very 
keen. 

The diseases which atTect tomatoes are some- 
what numerous. They are subject to the potato 
disease. Yellow Spot is very troublesome on 
plants grown under glass, being encouraged by 
a warm, stagnant atmosphere, whilst it is pre- 
vented by maintaining warm, dry, airy con- 
ditions. Black Stripe is a most troublesome 
disease ; it attacks the roots, and causes dis- 
coloration of tlie stems and malformed fruit. 
Sleeping disease is somewhat similar. Both of 
them may be kept in check by the use of lime 
watered into the soil. Black Rot attacks the 
fruit, causing black circular patches. It is usu- 
ally favoured by a sudden fall of temperature 
with excessive moisture. 

A selection of the best varieties would include 
the following : Frogmore Selected, a strong grower 
and heavy cropper; Hata Oreen Favourite, one 
of the best for market ; Satisfaction, a hea^'y 
cropper, the fi'uit of medium size, smooth, and 
briglit-crimson colour ; Magnum Bonum, first- 
rate for cultivation under glass ; Winter Beauti/, 
much appreciated for a winter supply ; Lister's 
Prolific, a variety of recent introduction which 
has exceptional ciopping qualities; Earliest of 
All, very prolific, the fruit of medium size and 
a bright-red, one of the best earlies ; Peachhlow, 
with fruit coloured like a peach, and of excellent 
flavour. In addition to the above, which are red- 
fruited, there are several varieties of superior 
Cjuality with yellow fruits, but they do not sell 
well. Sunbeam has egg-shaped fruits of a rich 
amber colour, and delicious in flavour ; Golden 
Nugget is very prolific, and has globular fruits 
coloured golden-yellow. Other distinct varieties 
have long racemes of cherry-like fruits coloured 
either red or yellow. The best red is known as 
Cascade, and the best yellow as Dwarf Gem. 

[w. w.] 

Tomato Parasitic Fungi. — The fol- 
lowing are some of the more common diseases 
of tomatoes: — 

(«) Black Rot chiefly attacks fruits, causing 
dark sunken spots lined with a brownish velvety 
coating of spore -bearing branches of Macro- 
sporium. 

(b) Fruit Rot (Alternaria) forms greenish- 
brown velvety patches with white margins. 

(c) Bacterial Fruit Rot reduces young fruits 
to a decaying mass. 

(d) Leaf Rust occurs on the under side of 
leaves as a velvety rusty - brown coating of 
spore-bearing branches of Cladosporium fulvum; 
leaves and young fruits turn brown. 

(e) Potato-disease fungus also destroys tomato 
foliage (see Potato Disease). 

( f) Leaf Spot (Septoria) appears first as 
blackish-green spots on the foliage, and the 
plant rapidly dies. This disease is so destructive 



that it is scheduled under the Destructive In- 
sects and Pests Act (Order of 1910) as a pest to 
be notified to the Board of Agriculture. 

Treatment. — These fungi are more liable to 
attack plants under glass, hence attention 
should be paid to ventilation. Other general 
measures recommended by growers include fre- 
quent lime-washing of houses, also fresh soil 
every two or three years with burnt garden 
refuse added, and animal manures to be used 
sparingly. Prompt removal and burning of 
rotting fruits or plants will help to save the 




Bacterial Disease of Tomatoes 

rest. Where these measures fail, fungicides 
have been used with success. Medium Bor- 
deaux mixture (see Fungicides) and potassium 
sulphide (3 oz. in 10 gal. water) are both recom- 
mended for most of these diseases, but spraying 
must begin as soon as disease appears, and be 
frequently repeated. The following treatment 
also produced healthy crops of tomatoes and 
cucumbers: Commence watering wheu plants 
are a fortnight old, every third day with a stJu- 
tion of copper sulphate (1 oz. in 50 gal. water); 
after six weeks, water every fourth day with a 
stronger solution (1 oz. in 35 gal. watei). 

[w. Q. s.] 
Tongue, Diseases of and Injuries 
to. — The tongue is subject to eruptive diseases 
in sympathy with the stomach, or as a symptom 
of some systemic condition in foot-and-mouth 
disease, to blaine, gloss-anthrax, actinomycosis, 
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cancer, and tubercular deposits commencing in 
the glands and extending into the muscular 
substance of the organ. So long as the mouth 
is kept shut, the tongue occupies a peculiarly 
favoui'al.ile posititm for recovery from disease 
and injury; but if the animal is for any reason 
unable to close the cavity and keep the organ 
moist, an ill odour and unfavourable conditions 
are set up. The dense covering upon the upper 
surface does not extend to the sides, and rumi- 
nants are much moie liable to abrasions and 
the enti'ance of the ray fungus than horses (see 
Actinomycosis). Irregularities of the teeth are 
a frequent cause of abrasions and of local in- 
flammations of a more or less septic character, 
where food is retained in the interdental spaces 
and has undergone decomposition (see Tekth, 
Diseases of). The lodgment of foreign bodies, 
as brambles and thorns, and the obstruction of 
the duct of the sublingual gland by an oat, or 
salivarj' calculus, are to be leckoned among the 
causes which give rise to swelling and inflam- 
mation of the tongue, sometimes to an extent 
threatening suffocation. Injuries are of very 
much more frequent occurrence than disease — 
and this applies more to horses, mules, and 
asses — through the use of the bit, and improper 
methods of control still too common among 
stablemen, who do not fear to put the twitch 
on the lingual member of a stubborn animal. 
Horses receive injuries from jointed bits, seldom 
fiom straight bars. Falling on the mouth — 
'pecking' as hunting folks have it — often results 
in biting the tongue. Crib biters and mis- 
chievous animals have occasionally to pay the 
penalty of their behaviour by lodgment of 
splinters, and the tearing asunder of the tongue 
in chains and by spring hooks. Treatment of 
eruptive troubles will of course be constitu- 
tional primarily, and will be found undei' the 
diseases mentioned above, but local applications 
are nowhere more successful than when applied 
to this organ. Solutions of alum, and borax, 
and honey serve to give relief in almost all 
tongue sores, including the great ulcers result- 
ing from foot-and-mouth disease. Sponging 
with peimanganate of potash, 2 per cent, with 
chinosol, chlorinated lime water, chlorate of pot- 
ash in solution, and other simple disinfectants 
soon relieves unhealthy and languid ulcers from 
which the tongue suflers in common with the 
gums. [h. l.] 

Tonics. — The veterinarian gives a wider 
significance to the word 'tonic' than is generally 
understood by the public. Pure air or a run 
at grass may prove a tf>nic for the stabled ani- 
mal, as well as those drugs and chemical sub- 
stances which either supply some element want- 
ing, or call forth the latent vital foi'ces in a 
manner more lasting than do stimulants. There 
are general tonics, as iron and the bitter vege- 
table extracts ; nerve tonics, as quinine and nux 
vomica ; heart tonics, as digitalis and strophan- 
thus. The exact manner in which certain tonics 
act upon the various organs, as the liver and 
kidneys, the stomach and pancreas, the gastric 
and peptic glands, may not be very clear; but 
the practice of medicine is still largely empir- 
cal, and experience has accumulated of a kind 



that is veiy helpful to the general practitioner, 
who prescribes the various tonics with a large 
measure of success; restoring digestion and 
assisting in assimilation, and the renewal of 
tone and constitutional power after exhausting 
illness, or loss of blood, nervous shock, and the 
debility incurred by parasitism. [h. l.] 

Tonquin Pigs are similar in colour, form, 
and characteristics to Chinese pigs (see Chinese 
Pigs), and were said to have been used in the 
improvement of the Small Yorkshire, hence the 
name Tunky or Tonquin by which the latter 
pigs weie frequently called in the midland coun- 
ties, [s. s.] 

Tormentil. — The common Tormentil, or 
Blood Root {Tormentilla or Potentilla officinalis, 
nat. ord. Eosace:^, sub-order Potentillefe), is a 
familiar plant on moors and heaths in Britain 
and the greater pai-t of Europe. The large 
woodj' root, which contains tannin, gum, and a 
red colouiing matter, has long been esteemed as 
an astringent. The small bright-yellow flowers 
are produced in summer ; thej' liave four petals, 
but the lowest on the stem frequently has five. 

/[W.W.] 

Tortrix, a genus of small moths, many of 
which are popularly known as ' leaf rollers ', 
from their habit of curling up the leaves of the 
plants on which they feed, thus protecting them- 
selves when at work. There are innumei-able 
species of this and allied genera, and hardly any 
garden plant is free from their depredations. 
The little active caterpillars so destructive to 
roses belong to this group. 

T. viridana is the well - known Green Oak 
Tortrix, which in certain seasons entirely defoli- 
ates Oak trees over large areas. As with other 
leaf -eating caterpillars, the best treatment in 
the case of Tortrix attack is to spray with Paris 
green or some other arsenical poison (see art. 
Arsenical Washes). [r. h. l.J 

Toulouse Goose Though the Toulouse 

goose originated in France and is still exten- 
sively bred in the Department of Haute Garonne, 
probably much of its size is due to British influ- 
ences, as it has been bred hei-e to a fixed type 
and for size. The plumage is largely grey in 
colour with light stern, paunch, and tail, in 
which respect it follows its progenitor, the 
Greylag. It is very massive, deep and long in 
body, the line of the keel being almost level 
with or neai- to the ground. The legs are short 
and heavy in bone. These birds attain a larger 
size than the Embden, but are slower in growth, 
and consequently are not usually ready for kill- 
ing before Cliiistmas. They lespond to good 
treatment, and appear to require richer lands 
in order to bring them to a state of peifection, 
with abundant feeding. They fatten well; liut 
as goose flesh is not nearly so much in demand 
as was the case at one time, and smaller birds 
are desired, the special qualities of the Toulouse 
are not so much in its favour as formerly. These 
birds will often reach 20 lb. in eight months, 
and few people want specimens of that size. 
The geese are good layers, and the eggs laid by 
them are very large, but the birds are not very 
leliable for hatching and rearing. Breeding 
for exhibition has led to development of a dew- 



Town Dairy — Toxins 



231 



lap on the throat and to a loose paunch, which 
are by no means improvements, and are apt to 
promote looseness of skin. [e. u.] 




Toulouse Geese 

Town Dairy, Regulations for. See 

Dairies, Cow Sheds, and Milk Shop Orders. 

Towns, Trees for. — For planting in the 
smoky atmosphere of towns, coniferous trees are 
least suited for resisting the poisonous action 
produced upon the leaves Ijy the sulphurous 
acid contained in the smoky atmosphere. The 
denser the foliage and the longer it persists, the 
more the evergreen conifers suffer from smoky 
air. Silver Fir suffers most, then Spruce and 
Scots Pine, and the deciduous Larch least of all. 
Thus in the Glasgow Botanic Gardens, conifers 
can no longer be grown ; and even in the less 
smoky atmosphere at the Edinburgh Botanic 
Gardens they are now becoming unhealthy. 

No hard-and-fast classification can be made 
as to the suitability or non-suitability of the 
different kinds of deciduous broad-leaved trees 
for growing in towns. But experience has shown 
that, in general, Beech suffers most from town 
smoke, and Oak, Elm, Sycamore, Robinia, and 
Plane tree least, especially the hybrid variety 
known as London fplane {Platanus acerifolia) ; 
whilst the other trees mostly grown for orna- 
ment in parks and gardens, and including Birch, 
Lime, Alder, Ash, Maple, Poplars, Willows, 
Horse-chestnut, Gingko, Catalpa, and Ailan- 
thus, occupy intermediate positions between 
these extremes, though varying, of course, 
according to the natui-e of the climate, soil, and 
situation. For street planting and for town 
avenues, Plane, Maple, Sycamore, Elm, Lime, 
and Horse-chestnut are the most suitable ; and 
their growth is improved when large open 



gratings are put round the tree at ground-level 
to allow moisture to percolate into the soil, and 
to provide a certain amount of aeration. In 
the London parks, Plane, Elm, S_ycamoie, and 
Robinia usually thrive best on the whole, then 
Lime and Ash ; while Canadian Poplai' does 
well for about twenty years, and then produces 
only poor and ragged foliage. Among the more 
recently introduced trees the leathery -leaved 
Japanese maidenhair tree {Ginglo hiloha), the 
Indian Bean {Catalpa bignonioides), and the 
Tulip tree {Liriodendron tulipifera) are found 
to thrive in parks and open spaces, and to be 
highly ornamental. In the larger towns of 
Northern Europe the trees chiefly planted in 
towns are Lime, Elm, Maple, Sycamore, Plane, 
and Horse-chestnut. Of these the Horse-chest- 
nut is the mo.st beautiful in the flowering time 
of spiing; in summer, Plane and Elm have the 
best foliage ; and in autumn, the Maple shows 
the richest colouring. In Central Europe the 
American Horse - chestnuts, the red- and the 
yellow-flowering Buckeye (Pavia), are largely 
grown in avenues ; but for their full develop- 
ment they need a warmei' climate than obtains 
in most parts of Britain. [.r. n.] 

Townshend, Lord. — Charles Viscount 
Townshend, a member of an ancient Norfolk 
family, was born in 1674. After a political 
career of great distinction, in which he held 
many important posts, including that of Piime 
Minister in the reign of George I, he retired to 
his ancestral estate at Eainham in 1730. For the 
remainder of his life he devoted himself entirely 
to agriculture, in connection with which, it may 
safely be said, he did moi'e good in the few 
years that I'emained to him than he had done 
in a long career in politics. He at once began 
to improve the naturally poor and badly ne- 
glected soil of his estate. Travels on the Con- 
tinent of Europe had rendered him familiar 
with the mailing of the land and the cultiva- 
tion of turnips and clover as field crops. Pai tly 
by the former, but far more eftectually by the 
latter, he steadily raised the fertility of his 
land. The feeding of sheep on turnips and clover 
was the best of all treatment for the poor light 
soil of his part of Norfolk. Tull had introduced 
turnips before Townshend began to giow them; 
but no one had followed the former in cultivating 
the ci'op. Townshend was the first landowner 
in England to grow it extensively. He adopted 
for its cultivation Tull's methods of drilling 
and horse-hoeing (see Tull). His persistent 
advocacy of the gi'owing of the roots gained 
him the nickname of 'Turnip Townshend'. He 
was the initiator of the four -course plan of 
farming which in course of time made the Nor- 
folk system of husbandry famous all over the 
world. He died in 1738. [w. e. b.] 

Toxins. — In the strict sense of the term, 
toxins are poisonous substances produced by 
the bacteria that cause such diseases as tetanu.3 
and diphtheiia. These organisms do not them- 
selves spread in the body, but develop complei: 
poisonous compounds that flood the circulation 
Their chemical nature is obscure, but their mole- 
cules appear to contain two side chains, one of 
which, called the haptophore group, enables the 
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toxin molecule to combine with the body cells, 
and the other, the toxopliore group, produces 
the poisonous effect. Against the action of any 
specific toxin the organism seeks to protect itself 
by producing a corresponding antitoxin, which 
combines with the toxin and thus prevents it 
from doing its characteristic mischief, unless 
the toxin present is more than the antitoxin 
formed can neutralize. By injecting a toxin, 
e.g. tetanus toxin, into a horse in giadually in- 
creasing quantities, large amounts of antitoxin 
are produced, and the serum becomes capable 
of immunizing other animals against tetanus. 
The toxin combines with the animal cell by 
means of side chains attached to the latter 
which have been called receptors. It is sup- 
posed that the injection of toxin in the process 
of preparing an immune serum causes an in- 
creased production of these receptors, and that 
many of them become detached from the body 
cells. The liberated receptors are the molecules 
of antitoxin, which can combine with the toxin 
and thus prevent these becoming attached to 
the body cells. 

There are certain other poisons, of which the 
snake venoms are the most important, which 
have many points of resemblance to the toxins 
that have been described above, but also present 
certain important points of difference. The cada- 
veric alkaloids and other ptomaines are some- 
times called toxins, but they differ from the 
true toxins fundamentally. Like strychnine and 
the other poisonous vegetable alkaloids they do 
not combine with the body cells as the true 
toxins do, and therefore they cannot be anta- 
gonized by anti-substances like the antitoxins. 

The name of toxins has also been given to 
certain products that are supposed to be excreted 
by the roots of plants and to make the soil inju- 
rious to succeeding crops of the same species. 
The existence and action of these substances is, 
however, to say the least, too problematical to 
call for their mention here. [c. M. L.] 

Tracheotomy. — An operation upon the 
win'lpipe or trachea whereby an artificial open- 
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ing is made, and through which the animal is 
enabled to breathe, is known by the above name. 
It is of great value when suffocation threatens 
through obstruction of the air passage of the 
larynx (see Laryngitis) from inflammation or 
the presence of foreign bodies. It is also per- 
formed for the permanent relief of roarers or 
whistlers (see Eoaring). The most convenient 



site for operation is about one-third of the way 
down the windpipe, from the throat to the 
breast, as here there is the minimum amount of 
muscular clothing ; but some experts prefer to 
place the tube very high up, and where it is less 
seen, close to the larynx. The animal owner 
called upon to act in an emergency may choose 
the first situation, make an incision 3 in. long, 
right through the skin, and showing the car- 
tilaginous rings of the trachea. The integu- 
ment is easily separated on each side for the 
removal of a circular piece of the pipe, which 
should be prevented from falling inwards by 
being first transfixed with a needle carrying a 
stout thread. When the disk is taken out, a 
tube of any sort may be temporarily employed 
while a veterinary surgeon is sought. The 
hinged and valved tubes invented by Mr. Gib- 
son, iVI.E.C.V.S., of Oakham, are the best, but 
simpler and less expensive ones are supplied 
by instrument makers. Antiseptics should, of 
course, be employed, but the operation is quite 
a simple one as performed upon animals. 

[h. l.] 
Trachyte, a partly glassy, partly crystal- 
line, igneous rock with the chemical composition 
of syenite, from which it differs in having cooled 
more rapidly, usually as a lava at the earth's 
surface. It is generally light in colour, greyish 
or whitish, with crystals of clear oithoclase 
scattered through it. Certain hills south-east 
of Limeiick are formed of ancient trachytes ; 
but the rock is rare in the Biitish Isles. It is 
common on the Rhine near Bonn, and trachytic 
ash forms an abundant porous eaith in the 
Brohltal. Trachyte soils are light, dry, and 
well furnished with potash, of which the unde- 
composed rock may contain b to 6 per cent. 

[g. a. j. c] 
Tragopogon (Goat's-beard) is the botanical 
name of a genus of taprooted biennial or per- 
ennial composite plants with milky juice some- 
times found as reeds in meadows and pastures 
on rich land, but never troublesome. The leaves 
are 5 to 8 in. long, narrow and grasslike, with 
the base broadest and sheath- 
ing the stem. The flowei-s 
are all ligulate, and arranged 
in heads surrounded by nar- 
row involucral leaves over 
1 in. long. The ' seed ' is long 
and narrow, with a slender 
beak crowned by a tuft of 
very feathery hairs (pappus). 
Yellow Goat's-beard {Trago- 
pogon pratensis) has yellow 
flowers ; Purple Goat's-beard, 
or Salsify {Tragopogon porri- 
folius), has purple flowers, and 
is cultivated as a culinary 
vegetable. [a. n. m'a.] 

Training Horses. See art. Breaking. 
Transplanting, one of the most impor- 
tant and everyday operations in horticulture. 
Because of the need for economizing space, and 
for other reasons, comparatively few plants are 
grown from seeds or cuttings in the positions 
they are to occupy permanently, and if care- 
fully performed transplanting is usually bene- 
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fickl. The transplanting of seedlings and young 
plants encourages the formation of roots, and in 
the cixse of trees and shrubs grown for sale it is 
important that it should be performed every 
two or three years, or else when the time comes 
for their final removal they will have long 
straggling root systems, and their transplant- 
ing will probably occasion serious loss. Regu- 
larly transplanted trees and shrubs offered by 
reputable firms will cost more, and may not 
look superior to the untrained eye, but their 
purchase is sure to prove economical in the end. 
Transplanting seedlings of vegetables and flowers 
and herbaceous border plants is usually quite a 




Side Elevation of Transplanting Machine for Trees of 
large size. The mass is raised by means of iron crow- 
bars whicli fit into sockets in the rollers around which 
the lifting-ropes are wound. 



simple matter, and only requires careful hand- 
ling and watering, and the provision of some 
degree of shade afterwards. Transplanting is 
much best performed in mild, dull, and showery 
weather, and the new positions for the plants 
should always have been previously prepared- 
But such climatic conditions are not to be had 
for the wishing; it is unfortunately almost the 
rule to defer transplanting seedlings until they 
are already rapidly deteriorating for the want 
of it, and such mistaken treatment cannot fail 
to have a very bad effect upon the crop. Seed- 
lings transplant best frorrr a somewhat light soil, 
and that is why seeds are usually sown in it. 
The transplanting of shrubs and trees of all 
kinds is a less easy operation, particularly so 
when they have some distance to travel to the 
new site. Although more laborious, it is )nuch 
safer to transplant them with a ball of soil 
about the roots, but in the case of plants pur- 
chased from nurseries the cost of carriage ren- 



ders this undesirable. Plants received without 
soil about their roots should be planted imme- 
diately, unless the weather or condition of the 
soil is very unfavourable ; and should the roots 
be dry they must be thoroughly soaked before 
planting. The time of transplanting is very 
important. Deciduous trees and plants may 
be safely moved in open weather frorir the fall 
of the leaf till the end of March, autumn 
being the best time ; but magnolias, which are 
difficult to transplant, are an exception — they 
should be moved either in October, March, or 
April. Nearly all evergreens should be sliifted 
in September, or else left till late spring. Bam- 
boos and evergreen oaks are best trunsplanted 
in May or June. Care must be taken to injure 
the roots as little as possible, and any that are 
bruised should be cut off with a sharp knife. 
It is preferable that the ground to receive the 
plants should have been trenched and mairured, 
and some plants — such as those that thrive in 
peat — may require a special soil mixtur'e. The 
holes should be made even larger than is neces- 
sary to receive the roots laid out to their full 
extent. Two men are required to transplant 
even small shrubs efficiently. The soil must 
be settled in firmly about the roots, aird well 
watered if it tends to dryness. Where many 
large plants have to be moved, it is best to use 
a transplanting machine. An illustration of 
one of the best patterns is appended, and this 
gives a good idea of the manner in which the 
operation is performed. [w. w.] 

Trapping. — To carry out trapping opera- 
tions successfully, it is of the first importance 
to make a car'eful study of the habits of each 
species of animal which it is desired to capture. 
Not only must the accustomed haunts of the 
creatures be known, but the particular food 
which each kind will find most seductive as a 
bait has to be ascertained. In the case of carni- 
vores, it is ofteii very helpful to know their 
riiethods of pursuing prey; these animals often 
proceed in a most systematic manner, ' working 
through' a district with wonderful thorough- 
ness, and once the trapper has observed their 
plan of campaign he will be able to set his traps 
with a much enhaireed prospect of success. 

Some of the most obiroxious vermin are do- 
mestic eats which have turned wild and taken 
to the woods. They destroy game, and often 
extend their depredations to the poultry yard. 
Fortunately they are never suspicious of the 
presence of traps, and this is much the best 
method of compassing their destruction, for 
poisoning is always dangerous. Steel traps 
should be used, and should be set under brush- 
wood, preferably close to a tree, for the animals 
often slink from tree to tree when hunting. 
The traps should be baited with fish — herring 
being perhaps the best to use. Both pine 
martens and polecats are now very rare ; indeed 
they have altogether disappeared from a large 
part of the British Isles. Martens are usually 
taken in steel traps, baited with birds' flesh, 
which proves an iiresistible attraction to these 
animals. Where polecats are still hunted it is 
customary to capture them in bo.K traps, with 
almost any kind of bait. It is best to lay the 
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traps in ditches, for polecats, when on the prowl, 
always make their way along any convenient 
hollow, in order to conceal themselves. Stoats 
and weasels are most troublesome pests, and in 
spite of the vigorous persecution to which they 
are subjected, tliey do not seem to be diminish- 
ing very greatly in numbers. These little car- 
nivores can travel great distances, and it is thus 
almost impossible to clear an estate of them 
altogether. When hunting, they go to work in 
a most systematic manner, and slink along in 
ditches or under cover of walls or hedges. Traps 
should theref(}re be laid in such situations as 
these. A hole in a wall is an excellent spot to 
select, for the weasel is a most thorough little 
hunter, and is certain to go through the hole in 
order to survey the land on the opposite side. 
Small steel traps are generally used, and it is 
usually found unnecessary to bait them, if they 
are laid in the situations mentioned. These 
vermin can be most eft'ectively de- 
stioyed in Maj' and June, when they 
hunt in family parties. If the trap- 
per watches until the old female is 
caught, and then suspends her dead 
body over the trap, he will find that 
the young will walk into the snare 
one after anothei' until all have 
perished. Hedgehogs should be 
taken in traps baited with eggs. See 
Traps for Vermin. [h. s. r. e.] 

Trap-rock. — Lavas containing 
much iron and no excess of silica, 
such as basalts and basic andesites, 
flow to considerable distances from 
volcanic vents, and form extensive 
sheets across the country. When 
attacked by weatheiing, they form 
scarps perpendicular to their surfaces, particu- 
larly when a columnar structure has developed, 
and successive flows, with theii- fairly level tops 
and vertical edges, resemble a series of gigantic 
steps in a broad landscape. This structure, so 
conspicuous in Skye and Mull and the outlying 
Treshnish islets, is styled trappean, from a 
Swedish word meaning a staircase. Gradually 
such lavas were called 'trap-rocks' or 'traps', 
and the term came to be applied to them whether 
in dykes, bosses, or terraced flows. For the 
characters of typical trap-rocks, see arts. Ande- 
siTE and Basalt. [g. a. j. c] 

Traps for Vermin. — Of all the forms of 
traps in use for small animals, the most gener- 
ally serviceable is that known as the ' dead 
fall '. This consists of a heavy block of stone 
or wood, which is supported by a trigger of 
ingenious but easily contrived pattern, called 
the ' figure-of-four ' support. All countrymen 
will be familiar with this trap, and every game- 
keeper will know how to set it. The instrument 
is inexpensive and eftective, and, in appropriate 
sizes, can be used for all kinds of vermin. For 
stoats and weasels it .should be baited with the 
entrails of rabbits ; the bait is attached to the 
wooden trigger, and when the little carnivore 
pulls at it, the precarious support gives way and 
the stone crashes down, flattening out and kill- 
ing the animal instantaneously. It is a humane 
method of putting an end to the creature's 



existence, since there is no lingering death. 
(For the best situation in which to set the 
traps, see Trapping.) The dead fall can be 
made large enough for killing cats. Ejibbits 
are often great pests to farmers, but (although, 
perhaps, shooting is the best method of destroy- 
ing them) they are generally snared in large 
numbers l.)y a simple and cheap contrivance. 
A wooden peg is di-iven into the ground over 
a rabbit hole or by a run in the hedgerow. 
From this a wiie projects, and is twisted on 
itself to form a noose about 1 ft. in circum- 
ference, and having a ring at the end, which 
will run freely along the wire. This is the 
ordinary snare. It is made much more humane 
by the following contrivance. Five and a half 
inches from the end of the wire a small ring is 
tied to the wire by a simple knot. When the 
rabbit runs his head unthinkingly and with 
some force into the noose, it is of course pulled 
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tight as far as this knot. The noose, which is 
now only b\ in. in circumference, is securely 
around the creature's neck, and he cannot pos- 
sibly get his head out. On the other hand, 
there is no painful throttling process, for owing 
to the second ring the noose cannot be drawn 
any tighter. The animal merely sits in the 
painless snare till the trapper goes his rounds, 
and experience shows that, after the first few 
moments in the noose, the captives struggle but 
little. This variety of trap was first tried with 
a knot only — with no second ring. Thus con- 
structed it proved a failure, but "now tliat the 
ring has been introduced the snare should be 
widely adopted. Wire-cag;e traps, if set in s\ich 
places as ditches, along which stoats and weasels 
are wont to steal, are very effective. The best 
sort are those which have spring doors at both 
ends, so that they can be left open for several 
days in order that the animals may grow accus- 
tomed to walking through them. If they be 
then baited with flesh, they are sure to secure 
the first carnivore which "comes along. The 
familiar steel trap, or gin, is an extremely cruel 
instrument, though very widely used. "When 
traps are employed, the trapper should visit his 
gins a,t very short intervals, in order to terminate 
as quickly as possible the agony of his captives. 

[h. s. r. e.] 
Tree Creeper {Certhia familiaris).— This 
small perching bird may often be seen climbing 
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up trees and walls in search of insects, of which 
its food entirely consists. The stiff tail serves 
as a support, and the slender curved beak is 
well adapted for probing crevices in the bark. 
The upper side of the body and wings is brown, 
spotted and streaked with white, and the under 
side IS buff-coloured. The nest is built of moss, 
roots, and feathers, either in a hole in a tree 
trunk, or in a gap formed by the separation of 
the bark. The six to eight white eggs are marked 
with red spots at the broad end. Of no impor- 
tance agriculturally, the bird is extremely bene- 
ficial to forestry and fruit culture, destroying 




Tree Creeper 

noxious insects in all stages of their existence 
from the egg onwards. [.t. r. a. d.] 

Tree of Heaven, a tall, rapidly growing 
tree, often planted as a shade tree in parks and 
public places. See Ailanthus. 

Trees, Sylvicultural Characteris- 
tics of, are: (I) their special peculiarities re- 
garding climate, soil, and situation ; light and 
shade ; shape of root system, stem, and crown ; 
rate of growth ; reproductive and regenerative 
power ; and maturity and longevity ; and (II) 
their general characteristics as woodland crops, 
in consequence of these special peculiarities. 

(1) As regards climate, all kinds of trees have 
northern and southern limits determined by 
winter cold and summer heat or drought, and 
also limits of altitude in mountainous tiacts 
determined by cold. Owing to geographical 
conditions and local configuration, there can 
never be hard-and-fast lines of demarcation 
throughout Westein Europe; but the northern 
limit of the chief forest trees is for Silver Fir 
about 52^, Beech 60', Pedunculate (Jak 63", Scots 
Pine 70°, and Spruce 71°. In Eastern Europe 
(Russia), however, these limits are reduced con- 
siderably, except in the case of Oak ; while the 
southern limits vary greatly, accoitling to the 
amount and the regularity of the summer rainfall. 

(2) As regards temperature and rainfall, the 



mild equable climate of Great Britain is excep- 
tionally well suited for all the woodland trees 
of Central Europe ; and many of the North 
American trees thrive far better heie than on 
the Continent. But of our common woodland 
trees, experience shows that Birch, Scots Elm, 
and Scots Pine grow bettei- in Scotland than 
in England; that Beech, Engli.sh Elm, Pedun- 
culate Oak, Chestnut, and Weymouth and Mari- 
time Pines do best in the warmer parts of Eng- 
land; that Alder, Ash, Pedunculate Oak, Eng- 
lish Elm, Maple, Willows, and Poplars thrive 
best on low-lying land; and that Scots Elm, 
Sessile Oak, Sycamore, Scots Pine, Spiuces, 
Silver and Douglas Firs, and Larcli do best 
on hilly land. Beech, Ash, Chestnut, Piobinia, 
and Silver and Douglas (Pacific) Firs are most 
liable to damage from frost; while Aspen, Birch, 
Elm, Hornbeam, Lime, Sallow, Larch, and Spruce 
are the hardiest against winter cold; though all 
kinds are more likely to be nipped by late frost 
when growing on land expcjsed to the early 
morning sunshine. Elm, Oak, and Larch do be.st 
in a fairly dry climate, and Alder, Ash, Maple, 
Sycamore, Willow, and Poplar in a fairly moist. 

(.3) ^1.5 regards soil and situation, conifers gener- 
ally are less exacting and have a greater accom- 
modative power than broad - leaved trees in 
respect to moisture and mineral food, the most 
accommodative trees being Aspen, Birch, Sallow, 
and Scots Pine, and the least accommodative, 
Ash and English Elm. Depth, permeability, 
and a moderate amount of moisture are of more 
importance than any particular kind of soil ; 
for it is of greater physiological advantage that 
the root system of any tree should develop 
freely and normally, aud that the situation 
should (as regards climate, natural drainage, 
aspect, &c.) be suitable, than that the soil itself 
should be of a sandy, a loamy, a clayey, or a 
limy description. With satisfactory physical 
properties (depth, permeabilitj', moisture, and 
temperature) any kind of soil may be relied on 
to furnish sufficient mineral food for good tree 
growth ; but Oak, Ash, Elm, Chestnut, Maple, 
Sycamore, Larch, Douglas and Silver Firs, and 
Scots Pine have the deepest roots, and therefore 
need the greatest depth of soil for good growth; 
while Aspen, Birch, Willow, Poplar, and Spi'uce 
have only a shallow root-system (though they, 
too, gi-ow better on a deep than in a shallow 
soil). Beech, Ash, Elm, Maple, Sycamoie, Horn- 
beam, White Alder, Oak, Austrian Pine, and 
Larch thrive well on soil containing a good 
deal of lime, but this seems to act injuriously 
on Sweet Chestnut, Douglas Fir, and Maritime 
Pine. Humus or leaf-mould improves all kinds 
of soil, and hence replantation on true ' wood- 
land soil ' is usually more successfid than the 
first planting of waste lands and poor pastures 
(probably owing to a deficiency of nitiogen in 
an easily available form). 

(4) As regards light and shade, trees are clas- 
sifiable as light-demanding and shade-enduring, 
accordijig to the amount and the intensity of 
the sunlight needed for assimilation and sap- 
elaboration — the demand being apparent from 
the amount of foliage borne by the tree-crown 
(which, of course, varies with the situation and 
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the quality of the soil). The light-demanding 
trees most impatient of shade are Larch, Birch, 
and Eobinia; Pines, Poplars, and Willows; Oak, 
Ash, Elm, and Chestnut; less impatient of shade 
are Alder, Lime, Horse-chestnut, Maple, and 
Sycamore; wliile Beech and Hornbeam, and most 
evergreen conifers (especially Spi'uce, Douglas 
and Silver Fii's, and Thuja giganiea), are shade- 
enduring, as also the stool-shoots of the kinds 
of trees usuall)' grown as underwood in copses. 
All our woodland trees thrive best when their 
crown of foliage is freely exposed to sunlight; 
but Beech and Silver Fir seedlings need protec- 
tion against frost for the first two or three to 
four or five years. 

(5) As regards root system, stem, and croion, 
trees grown as woodland crops are always con- 
fined in a smaller growing -space than when 
standing freely in the open; but while the roots 
and the crown are kept smaller, the growth in 
height (due to the struggle for existence) is 
greater, and there is less tendency to spread 
sidewards into branches. And, of course, it is 
only when deep-rooting and light-demanding 
kinds of trees have their natural requirements 
satisfied that good giowth can be maintained, and 
more especially as the trees approach matuiity. 

(6) As regards rate of growth as timber crops, 
few of those which grow rapidly in height at 
first furnish very large mature crops, though 
the Pacific variety of Douglas Fir is an excep- 
tion in this respect. The next largest crops per 
acre ai'e yielded by Silver Firs and Spruces, 
which aie both slow in establishing themselves 
and beginning to shoot ahead. 

(7) Keproductim and regenerative power are 
different forms of utilizing nutrient reserves for 
prnpagation of the species, reproduction being 
achieved by stool-shoots and root-suckers (see 
Coppice), and regeneration by seed. Trees 
bearing small fruits with tiny seeds are much 
more prolific than those bearing large and heavy 
fruits, and they seed more frequently, and are 
spread farther by wind; hence, even though 
the germinative power of the seed be less, the 
aveiage regenerative power of Aspen and other 
Poplars, Alder, B«'ch, Scots Elm, Maple, Syca- 
more, Willows, Pines, Spruces, Douglas Fir, and 
Thuja giganiea is greater than in Silver Fir, 
Beech, Oak, and Chestnut. 

(8) Maturity and longevity vary greatly in our 
woodland trees (up to about 500 years, and more, 
for Oak and Chestnut); but timber crops reach 
their marketable or financial maturity at a com- 
paratively early age, and earlier on poor than 
on good soil, varying from 40 to 70 years for 
conifers, 35 to 50 _vears for softwoods, 60 to 100 
years for most hardwoods, and 100 to 150 for 
Oak. Thus two or three conifer crops may be 
taken for one of Oak ; and this is one of the 
great advantages promised by growing conifer 
trees suitable for any given soil and situation. 

In consequence of the combined influence of 
the above-mentioned special peculiarities, trees 
are either gregarious in habit, and then found 
forming large and more or less pure forests; or 
else sporadic, and then found scattered singly or 
in patches and groups mixed along with other 
trees. Other things being equal, shade-enduring 



trees would gradually, in course of time, oust 
light-demanding trees, and become ruling species 
over large areas; as, for example, where the Sil- 
ver Fir, the Beech, and the Spruce form large 
forests in Central Europe. But other things are 
never equal in nature ; and trees having light 
and winged seeds, especially those hai'dy kinds 
of trees that grow quickly at fii-st (e.g. Birch 
and Aspen), often establish themselves securely 
before the kinds previously on the ground have 
been able to regenerate themselves (see Mixed 
Woods), so that a mixture of trees varying ac- 
cording to soil and situation is characteristic of 
all natural woodlands, and is the safest pattern 
to copy in forestry. [j. N.] 

Trefoil, a common name for Black Medick, 
Nonsuch clover, or Yellow Trefoil; a species of 




Trefoil [Medicago lupulUia) 

Medicago (which see). It is sometimes referred 
to by farmers as 'Hop' or 'Hop Trefoil', but this 
term should be abandoned as likely to be confused 
with Hop Clover {Trifolium procumhens, L.), a 
wild plant frequently found on dry soils. 

Trefoil is an annual or biennial plant grown 
chiefly on calcareous soils for the feeding of sheep 
and lambs. It yields a fair amount of nutritious 
fodder on soils which do not grow many green 
crops successfully, and the seed is cheap. It is 
ready for use in spring ten days or a fortnight 
earlier than Bed Clover. 

When sown alone the seed is bi-oadcasted on 
young corn in spiing, at tlie rate of 20 lb. per 
acre, and covered by a light harrowing. 

Trefoil is extensively used as a constituent of 
mixtures of clover and grass seeds for temporary 
pastures. It provides good ' bottom ' herbage 
during the first year or two of the ley, but on 
account of its short life it should not be used 
in excessive amounts for pastures to be kept 
down more than two or three years, as it is 
liable to smother out the more lasting plants, 
and when it dies out leaves bare patches which 
become overrun with weeds. [j. p.] 

Trellis, an arrangement of supporters on 
which to train garden plants. A framework of 
wires fixed near the glass in greenhouses is ne- 
cessary for the training of such plants as vines, 
peaches and nectarines, melons and cucumbers; 
wire trellises, usually pyramid or balloon-shaped, 
are fixed to large pots containing Stephanotis, 
Lapageria, and other climbers; and there must 
be some sort of treillage for the support of 
espalier fruit trees which are not planted by 
a wall. Espalier trellis made of iron rods is 
neater and more durable than wood, but plants 
do not thrive so well in contact with metal out- 
doors, as metal is so extremely susceptible to 
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extremes of temperature. The popular pergola 
is often a trellis of a kind, and delightful eft'ects 
can be produced, when discrimination is used, 
by training climbers over a trellis. [w. w.] 

Trembling, a disease of sheep characterized 
by nervous spasms of the limbs and neck. See 
LoupiNG III. 

Trenching^, or Trench Ploughing, 
sometimes called double ploughing, consists in 
bringing up the subsoil by means of a special 
implement, and throwing it over a shallower 
first furrow. The trench plough follows in the 
wake of a strong pknigli, and each is drawn by 
a team of four horses — the cultivation being 
about 15 to 19 in. in depth. It may be accom- 
plished at one operation, by a specially con- 
structed plough, capable of tuining a furrow, 
sometimes of 3 ft. deep. In such cases steam 
power is almost a necessity. Trench ploughing 
must not be confused with subsoiling, which only 
aims at breaking the subsoil without bringing 
it to the surface. In the case of shallow soils, 
or soils underlaid by a sour or unoxidized sub- 
soil, no good effect could follow the mixing of 
the bottom and the top soil together. Trench 
ploughing should only be attempted upon deep 
soils in which the soil and subsoil are of the 
same nature, or of such a character that the 
blending of the two will be beneficial to both. 
The operation may do much harm, or much 
good, according to circumstances, but is rarely 
attempted excepting upon deep and rich soils. 
As a preparation for hops, liquorice, potatoes, 
celery, rhubarb, asparagus, and other plants 
which revel in a deep soil, it is to be highly 
recommended, and may pay well. Indiscrimi- 
nate deep cultivation of this kind, however, 
should not be attempted on thin soils, and it 
is doubtful if it is adapted for cereal cultivation, 
unless indirectly, i.e. in previous years. 

[j. Wr.] 

Trephining, an operation performed with 
a circular saw or other instrument for the re- 
moval of a disk of bone. The stock trephine is 
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made on the same principle as the joiner's, the 
hand trephine being less powerful. Bone ele- 
vators, chisels, and periosteum knives are made 
to fit into the stock, and are interchangeable. 
Trephining is practised for the removal of in- 
jured bone, or relief of compressed tissues, and 
to gain access to cavities otherwise sealed. The 
trephine is most often used in the treatment of 
abscess in the facial sinuses; in gleets, with a 



necrosed bone as their cause; in morbid con- 
ditions of the bone excited by diseased teeth, 
and from injuries by foreign bodies, as splinters 
and bullets. Trephining is often practised with 
success for the purpose of destroying hydatids 
on the brain, or even in its substance, if not too 
deeply situated. In using the trephine, care 
must be exercised in not applying too much 
pressure, especially when the bone is neaily 
divided; and it may be best for tlie amateur to 
lift out the disk of bone before the whole cir- 
cumference has been sawn through. For a 
sheep worth no more than thirty shillings it does 
not pay to send a long distance for a surgeon, 
and so many flockmen have learned to perform 
this useful operation themselves. [h. l.] 

Trespass. — 1. England. — In English law, 
trespass may be to land, to goods, or to the 
person; but this article only deals with trespass 
to land, whether by man or animals. The 
essence of the offence is the breaking and en- 
tering on the land, and in strict law damage 
may be claimed for the mere unwarrantable 
entry although no damage be done; but if there 
be injuiy to the piemises, reparation may be got 
for the loss sustained. Trespass may be done 
by actual bodily entry, or constructively by 
putting materials or rubbish on the land of 
another, or by allowing water, filth, &c., to flow 
on to the lands of another. 

Apart from the statutory offence of trespass 
in pursuit of game, which subjects the ties- 
passers to criminal liabilities (see Game Laws), 
trespass is not a crime, and entails only civil, 
not criminal, consequences, although trespass 
accompanied by wilful injury to property may 
be punished as a crime under the Malicious 
Injuries to Property Act. The notice board 
with the legend that ' Trespassers will be prose- 
cuted ' is a vain threat owing its origin to the 
fact that, under certain Statutes, if the damages 
recovered for the trespass were less than iOs. 
no costs followed, unless the trespass was wilful 
and malicious, which it was held to be if com- 
mitted in spite of express notice. 

No one is a trespasser if he is on the lands in 
the course of lawful business, by leave of the 
occupier, to escape urgent danger, or to recover 
his property. It is also said that a man is en- 
titled to go on to his neighbour's property to 
abate a nuisance, but in all such cases it would 
be much better to appeal to the Court than to 
take the law into one's own hands. It is, how- 
ever, a trespass to go on to the lands of others 
for purposes of sport, e.g. foxhunting, unless 
permission has been granted, although as a 
matter of common practice no objection is 
usually taken. 

The remedy of the occupier is twofold: (1) 
to remove by force a trespasser who refuses to 
leave after being requested to do so. But only 
sufficient force must be used; and if a trespasser 
is removed with unnecessary violence he may 
proceed against the occupier for assault. (2) 
The occupier may sue for damages for the un- 
lawful entry on his lands, and even if no damage 
be done he may recover nominal damages. In 
addition he is entitled to recover damage done 
to crops, pasture, &c. In the case of trespass by 
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animals, they may be distrained damage feasant 
in security of the claim for damage done (see 
under Cattle Straying; Pound). And whether 
distress has been done or not, an action for dam- 
ages lies against the owner of the animals. Where 
the trespass is likely to cause great damage, the 
Court will intervene by injunction to prevent it. 
An action for trespass to land must be instituted 
within six years after the cause of the action. 

A person who is injured on lands on which he 
is trespassing has, as a rule, no action against 
the owner or occupier, who owes no duty to 
him. Thus where a member of the public, 
taking without the owner's permission a short 
cut through a field in which a savage horse was 
kept, was injured by the animal, it was held 
that the farmer was not liable, on the ground 
that no duty on the part of the owner of a 
savage animal to take care that the animal shall 
not injure him exists towards a trespasser on the 
land on which it is kept, although tlie owner 
knew that the public habitually trespassed on 
his land, and also knew that the animal was 
savage, such animal not being kept for the pur- 
pose of attacking trespassers. But by Statute 
it is unlawful to set spring guns, man traps, or 
other engines calculated to destroy human life 
or inflict grievous bodily hurt (m a trespasser 
or other person coming in contact therewith, 
though the setting of any gun or trap such as 
is generally set with intent to destroy vermin 
is not thereby rendered illegal. Moi'eover, it 
is quite lawful to set a spring gun or other 
engine in a house for the protection thereof 
in the nighttime. 

2. Scotland. — The term ' trespass ', which was 
unknown in early Scots law and has been bor- 
rowed from England, has a moie restricted sig- 
nificance in Scots law than in English, since it 
denotes merely the temporary entry upon the 
property of another by man or animals. Tres- 
pass by animals will be dealt with under Win- 
ter Herding Act. Apart from the statutory 
off'ences to be referred to later, trespass is a civil 
wrong, not a criminal offence; but wilful destruc- 
tion of, or damage to, property is punishable 
criminally as malicious mischief. 

No trespass is committed if the lands of an- 
other are entered, without his permission, for 
the purpose of extinguishing fire, to prevent 
a crime or in pursuit of a criminal, to escape 
urgent danger, or in defence of one's goods or 
stock unlawfully taken or recently straying on 
to the lands. To this may be added that far- 
mers in a pastoral district are entitled to enter 
the lands of others in pursuit of foxes, if their 
destruction is necessary for the preservation of 
sheep or other animals, provided the good of the 
public, and not mere amusement, was the motive 
for the entry. 

The owner of the land which has been invaded 
is entitled to order the intruder otf, and to indi- 
cate the line he must take in leaving. Where 
tlie trespasser is checked on the borders of the 
land on attempting to enter, or where the tres- 
pass is accompanied by acts of violence or such 
threats as would put the interrupter in fear of 
bodily hurt, force may be used to repel the tres- 
passer; and it has even been said in one case that 



if a trespasser persists in refusing to leave, aftef 
being requested to do so, he may be ejected by 
force. But in any event, as in England, if un- 
necessary violence is used to eject a trespasser, 
there would be grounds for a charge of assault. 
This statement, however, does not apply to the 
invasion of a dwelling-house ; and in the case 
of housebreaking, the occupier of the house is 
entitled to use force to check and to arrest the 
housebreaker, and in exceptional cases homicide 
has even been held justifiable. The only remedy 
available to the owner of lands on which ti-es- 
pass without damage has been committed, is that 
of interdict. This remedy is after all somewhat 
limited in its value, for it will not be granted 
unless a complainer can prove a reasonable likeli- 
hood of a repetition of the trespass. If, how- 
ever, the complainer is able to prove reasonable 
grounds for believing that the ofi^ence will be 
lepeated, interdict will be granted, unless some 
public or servitude right is alleged; and in the 
event of decree being granted, expenses will be 
given against the trespasser. If thereafter the 
trespass is repeated, it is in contempt of Court 
and the trespasser may be severely dealt with 
according to the gravity of the contempt. In 
addition to the civil right to an interdict in the 
circumstances above stated, the owner or occu- 
pier of the land on which the trespass has been 
committed has always an action of damages 
against the trespasser for any actual injury done, 
as, for example, by the breaking down of fences 
or the trampling of growing crops. 

The Statute prohibiting the setting of spring 
guns, &c., above referred to, does not extend to 
Scotland, as it was considered that the common 
law of Scotland made such engines clearly illegal ; 
and in the only case which is reported in that 
country, it was laid down that the placing of 
a spiing gun to shoot trespassers was indictable 
as murder if death ensued, even although there 
was no design against any particular person. 
But, as in England, such engines are permis- 
sible for the protection of a house in the night- 
time. 

In two cases trespass has been made a statu- 
tory offence, viz. : ( 1 ) trespass in pursuit of 
game (see under Game Laws), and (2) under 
the Trespass (Scotland) Act, 1865. This Act 
was passed principally to put a check on travel- 
ling tinkers, gipsies, and others from squatting 
without permission on private properties or 
private roads. The third section of the Act 
provides that ' Every person who lodges in any 
premises, or encamps on any land being private 
property, without the consent and permission 
of the owner or legal occupier of said premises 
or land, and every person who encamps or lights 
a fire on or near any private road or enclosed or 
cultivated land, or on or near any plantation, 
without the consent or permission of the owner 
or legal occupier of said road or land or planta- 
tion, 01' on or near any turnpike road, statute 
labour road or other highway, shall be guilty of 
an otfence punishable as hereinafter provided'. 
Section 4 enacts that otfenders, if found in the 
act of committing the offence, may be appre- 
hended by any officer of police or constable, and 
shall be at once biought before a magistrate, the 
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penalty for the first offence being a sum not I for a period not exceeding 21 days. Section 5 pro- 
exceeding 20s., or imprisonment not exceeding I vides that the prosecution must be commenced 
14 days; and for a second or subsequent offence, I within one month after the offence has been 
a penalty not exceeding 40s., or imprisonment I committed. [d. b.] 




Triassic System. — This system of 
strata, lying between the Permian and the 
Jurassic, lias its -greatest European develop- 
ment in the Austrian Alps, where massive 
marine limestones are a conspicuous feature. 
In northern Europe generally, it is repre- 
sented by beds accumulated on land, or in 
lagoons and lakes that became salt through 
evaporation. In the British Isles, the marine 
Ehsetic series, which closes the system, is the 
only reminder of the Alpine type. In cen- 
tral Germany, the system begins with red 
sandstonesand marls styled the Bunter series; 
then follows a grey marine limestone, the 
Muschelkalk; and then sandstones and marls 
styled Keuper. The marine EliEetic connects 
the system with the Lower Lias. In our 
islands, the series are as follows: — 

3. Rhjetic Series. 

2. Keuper Series. 

1. Bunter Series. 

The Bunter gives us red sandstones, and 
conglomerates formed of quartzite pebbles ; 
the .'landstones are as a rule not sufficientl}' 
consolidated to serve as good building stones. 
With the somewhat similar Permian sand- 
stones, they form what has been styled the 
' New Bed Sandstone ' of England. The 
Keuper Series, beginning with sandstones 
and coarse talus-deposits, the Triassic 'breccias', 
closes with red and variegated marls, and this 
series has been called ' New Red Marl '. The 
breccias in the south-west of England, as in the 
Mendip area, are formed of fragments from the 
Carboniferous Limestone, on the slopes of which 
theyarose; andherean unusually calcareous t3'pe 
of Keuper has been formed. This is known as 
the Dolomitic Conglomerate, since the blocks of 



Sketch Map of Triassic System 

limestone have been dolomitized. In Worcester- 
shire, Staffordshire, and Cheshire, the Keuper 
marls include valuable beds of rock-salt. The 
salt is now raised as brine. Beds of gypsum 
occur in the same strata. Owing to the exten- 
sive mining and biine-pumping, the lands round 
Droitwich, Nantwich, Northwich, &c., are liable 
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to considerable surface sinkings, -and in some 
places houses are built in timber frames, so as 
to minimize the efl'ects of stiain. The term 
' wich ', so common as a termination in tlie local 
names, signifies a place where salt is worked. 

The Eh.etic Series (Penarth Series of 
England) appears as beds rarely 50 ft. thick, 
which are seen at intervals from the Sevein 
estuary to Lincolnshire, and which pass up into 
the Jurassic strata. They consist mostly of 
marine limestones and marls. They may be 
traced as far west as the Tiiassic outcrop near 
Limavady in Co. Londonderry. 

Though the Bunter pebble-beds form hum- 
mocky country, the Trias of England, easily 
worn away by denudation, has furnished in 
most places a lowland, wliich is a conspicuous 
feature of the midland counties. When we 
cross westward from the scarp of Jurassic 
limestones that runs across the countiy, we see 
below us what appears to be an immense plain, 
the nearer part of which is formed of Liassic 
beds and the farther part of Trias, extending to 
the Malvern Hills, the Pennine Chain, or even 
to the sea at Liverpool. The Trent keeps to 
Triassic strata in its course from Staffordshire 
through Nottinghamshire to the Humber; and 
the gypsum dissolved in its waters is said to 
beneficially affect the ales of Burton. Inliers of 
more hilly character, such as Charnwood Forest 
and the midland coalfields, break the lowland 
here and there ; and the Carboniferous uplands 
of the Pennine Chain divide the plains of York, 
Doncaster, and NeAvark, from those of Cheshire. 
The agricultural value of the Triassic countrj' 
early favoured the growth of market-centres in 
it; the ground was suitable for through-routes 
and communications ; and many of the most 
notable English towns have arisen on its sur- 
face. From Newark to Darlington and Eugby 
to Chester, the Eoman roads and the modern 
railways have taken advantage of Triassic coun- 
try. Even the fertile plain of York, lai-gely occu- 
pied by alluvium, owes its lowland character to 
the denudation of the Keuper marls and sand- 
stones. Such towns as Manchester, Wolver- 
hampton, and Birmingham, closely dependent 
on the neighbouring beds of coal and iron -ore, 
have none the less developed within the Triassic 
area. 

The sandstones of Dumfries and the valleys 
of the Nith and Annan, until recently regarded 
as Permian, have now been correlated by the 
Geological Survey with the Trias. Researches 
in 1909 on the fossil footprints found in them 
tend, however, to show their connection with 
Permian times (see sketch map). Across the 
Solway, a large part of the fertile Vale of Eden, 
lying between barren Carboniferous Sandstone 
hills, has been excavated in Keuper strata, 
though these are now covered near Carlisle by 
as much as 200 ft. of glacial drift. 

A small area of reddi.sh .sandstone on the coast 
east of Elgin shows that the Trias had at one 
time a greater northerly extension. This region 
is famous for the remains of early reptiles. 

In Ireland, Trias of the English type occurs, 
including Ehtetic beds in places ; but it has 



been preserved, with the exception of a few out- 
liers, only in the neighbourhood of the basaltic 
outpourings of the north. Soft sandstones, and 
marls with rock-salt and gypsum, are exposed 
as a lowland along the north - west side of 
Belfast Lough, and similar beds crop out under 
the basalt scarp at various points round the 
coast to Lough Foyle. In Glenariff in County 
Autiim and at Moneymore in County London- 
deny, the Triassic lands, with their red soils, 
present a marked contrast to the more rugged 
ground that forms the neighbouring heights. 
Gypsum is obtained from a Triassic outlier as 
far south as Carrickmacross and Kingscourt. 

[g. a. j. c] 

Triassic Soils. — Generally speaking, these 
soils are reputed to be amongst the most pro- 
ductive in the kingdom. Those of the Lower 
Ti'ias, or Bunter Seiies, however, do not reach 
this pre-eminence. At Cannock Chase, in Staf- 
fordshire, for instance, the soils derived from 
the local conglomerates are gravels of the poor- 
est description, while at Sherwood Forest the 
land consisting of red or yellow sands can only 
be regarded as waste. Also the soils derived 
from the micaceous sandstones of the Lower 
Keuper ai-e light, poor sands which scarcely 
repay the expense of cultivation, but which 
produce pastures good for sheep. Various forest 
trees, particularly Birch, do well on this forma- 
tion. 

On the other hand, the great fertility of the 
soils of the Upper Keuper deposits is the out- 
standing agricultural feature of the Triassic 
System. These soils are usually rich friable 
marls or clays possessing a characteristic red 
colour, highly fertile, and suitable alike for 
tillage, meadowing, or pasture. There occasion- 
all_v occur soils of a lighter desciiption which 
have been derived from intercalated sandy beds. 
The soils of this series are typically developed 
in Somersetshire and Devonshire, where turnips 
or beans and wheat can be grown with equal 
success. In these counties the application of 
lime has a very decided effect on the quan- 
tity of the ciops which can be grown. The 
whole of the east side of the celebrated cheese- 
producing county of Cheshire is situated on this 
formation, and the feitile Vale of Evesham is 
divided between the New Eed Marl and the 
Lias deposits. A fail- proportion of the lands 
of the Upper Keuper is under the plough, but 
the more clayey of them ai'e allowed to remain 
in grass, which they produce in abundance and 
of excellent quality. Many of these soils ai'e 
improved by marling; that this fact was rectig- 
nized by past generations of farmers is suffi- 
ciently evident from the number of old marl-pits 
to be seen, notably in Staffordshire, Cheshire, 
and Somersetshire. Orchard fruit-trees do par- 
ticularly well on the red soils of this series, and 
the cider produced on the New Eed Mail de- 
posits, as in the Vale of, Taunton, in Devon- 
shire, rivals that fi-om the best cider districts 
of the Old Eed Sandstone foimation. 

To procure a water-supply on the Keuper 
marls, it is necessary to bore into the under- 
lying Bunter sandstone beds. [t. h.] 
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